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PREFACE 

In accordance with contract G-81-22 between the City of Seattle 

and Parametrix, Inc. dated December 2 , 1981, Golder Associates, 
under subcontract to Parametrix, Inc., has conducted geologic and 

hydrologic studies to determine subsurface conditions and provide 

geotechnical and hydrological design criteria for the closure of 

the Midway and Kent Highlands landfills. This report, which 

summarizes our findings and recommendations, is divided into two 

parts: 

Part I - Midway landfill 

Part II - Kent Highlands landfill 
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PART I 

MIDWAY LANDFILL 
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1.0 INTRODUCTION 

1.1 GENERAL SITE DESCRIPTION 

The City of Seattle is currently operating a municipal landfill 

known as the Midway landfill. The landfill which has been in 

operation since 1966, is located in Kent, Washington approxi­

mately 16 miles south of Seattle (See Figure 1-1). The site is 

bordered on the east by Interstate 5 and on the west by Highway 

99. 

The existing landfill is approximately 60 acres in area and up to 

120 feet iri depth. Review of information concerning the vicinity 

prior to operation of the landfill indicates that the landfill 

was placed partially over an abandoned gravel pit and partially 

over an old peat bog referred to as Lake Mead. 

Filling operations on the northern half of the landfill have 

ceased and there is limited vegetation growing on the top as well 

as on the side slopes. Surface runoff has caused considerable 

erosion to some of the existing side slopes exposing the refuse. 

Filling is currently taking place along most of the south face 

where material is dumped frora haul trucks and spread with dozers. 

During or at the end of each day the current day's waste is 

covered with soil that has been hauled to the site or obtained 

from on-site borrow areas. 

Previous to and during the course of operation various drain 

lines had been placed underneath, in and adjacent to the 

landfill. The landfill is currently acting as a drain field for 

surface water collected east of 1-5 which is conducted into the 

landfill through two lines running under 1-5. Due to inadequate 

surface water drainage at the Midway site various surface water 
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ponds have forraed, particularly along the northern and western 

perimeter. 

Methane gas is currently being vented and burned at various 

collector wells in the northern half of the landfill. 

1.2 PURPOSE AND SCOPE 

Prior to this study no site specific information existed 

concerning the geologic and hydrologic conditions at the Midway 

landfill, and thus no conceptual designs for a closure system had 

been identified. The purpose of this study was to obtain site 

specific information and ascertain the feasibility of possible 

closure system elements. Specific objectives were to: 

1. Determine the geologic and hydrologic conditions beneath 

and adjacent to the landfill. 

2. Analyze the geological and hydrological conditions in 

order to determine the technical feasibility of various 

closure system elements. 

3. Address the following elements for a closure system 

design: 

o surface water management 

o leachate/groundwater management 

o methane gas management 

o cover design. 

4. Provide conceptual geotechnical design details for the 

proposed elements. 

5. Recommend a long term performance monitoring system. 
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This investigation included a review of existing data, field and 

laboratory investigations of the site and of potential borrow 

materials, and an engineering analysis of the collected data to 

provide designs of various elements of a conceptual closure 

system. 

This study only addresses the geotechnical and hydrological 

aspects of a closure systera. Detailed studies which would be 

required to assess the current extent of contaraination associated 

with the landfill and a prediction of future contaminant 

migration are beyond the scope of this study, as is the design of . 

measures to mitigate existing contamination beyond the limits of 

the landfill. 
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2.0 INVESTIGATION PROGRAM 

2.1 REVIEW OF EXISTING DATA 

A comprehensive review of existing inforraation pertaining to the 

Midway site was undertaken. Included was a review of geologic 

and topographic raaps, aerial photographs of the site taken before 

filling, water well logs for wells drilled in the vicinity of the 

Midway landfill, and a report concerning operation of the gravel 

pit prior to the landfill. Essentially no inforraation was found 

concerning detailed geologic and hydrologic conditions below or 

directly adjacent to the landfill. A complete list of all 

documents concerning the Midway landfill which were reviewed is 

contained in Appendix A. Pertinent data from these documents are 

discussed later in this report. 

2.2 FIELD INVESTIGATIONS 

A f i e l d i n v e s t i g a t i o n program was u n d e r t a k e n t o d e t e r m i n e t h e 
g e o l o g i c and hydro log ic c o n d i t i o n s i n , u n d e r n e a t h , and d i r e c t l y 
ad jacen t t o the l a n d f i l l . The o c c u r r e n c e of s u r f a c e wa te r and 
methane gas m i g r a t i o n in t h e v i c i n i t y of t h e s i t e was a l s o 
a s s e s s e d . These items a re d i scussed i n d i v i d u a l l y below. 

2 . 2 . 1 D r i l l i n g 

A s e r i e s of 11 b o r e h o l e s were d r i l l e d b e t w e e n t h e d a t e s of 

January 15, 1982 and F e b r u a r y 1 5 , 1982 . The l o c a t i o n of each 

borehole i s shown in F igure 2-1 and d e t a i l e d b o r e h o l e l o g s a r e 

p r e sen t ed in Appendix B. 

Four boreholes in the l a n d f i l l were d r i l l e d wi th a Mobile B-61 
d r i l l r i g u s i n g a h o l l o w s t e m a u g e r . Two b o r e h o l e s were 
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5 
completed in the l a n d f i l l mater ia ls (BH-4 and BH-5) and two were 
advanced through the l a n d f i l l m a t e r i a l i n t o t h e u n d e r l y i n g 
na tura l so i l (BH-3 and BH-7). Below the l a n d f i l l samples were 
col lec ted at 5 foot i n t e r v a l s . 

Auger d r i l l i n g was attempted a t t h r e e l o c a t i o n s o u t s i d e of the 
l a n d f i l l but was unsuccessfu l due to the auger e n c o u n t e r i n g 
numerous cobbles and boulders in t h e s u b s u r f a c e raaterials. 
Subsequently, a i r ro tary d r i l l i n g with the Mobile B-61 r i g was 
attempted. This was successful in BH-2A u n t i l a l aye r of c lean 
gravels was i n t e r s e c t e d which would not reraain s t a b l e . " These 
col lapsing raaterials plugged up the hole and jamraed the b i t . In 
order to s t a b i l i z e these c o l l a p s i n g m a t e r i a l s d r i l l i n g mud was 
used. Mud rotary d r i l l i n g was used to complete two holes (BH-IB 
and BH-2A) on the west side of the l a n d f i l l using b iodegradable 
rauds over the in te rva l s which were corapleted for water sampling 
to avoid formation plugging. 

The remaining two boreholes , BH-8 on the west s ide and BH-6 on 
the south s ide , were d r i l l e d with a Speed Star " d r i l l and d r i v e " 
water well r i g . This t echnique involved a i r r o t a r y d r i l l i n g 
whi le d r i v i n g s t e e l cas ing d i r e c t l y behind the b i t u s ing a 
pneumatic hammer. During a l l ro tary d r i l l i n g , samples of d r i l l 
cu t t ings were col lected at 5 foot i n t e r v a l s . 

Al l d r i l l i n g was conducted under the supe rv i s ion of a Golder 
engineer who was responsible for logging the holes and ob ta in ing 
samples . All samples were r e t u r n e d t o t h e l a b o r a t o r y for 
clasi^ if i ca t ion and index t e s t i n g . 

2.2.2 Groundwater Sampling Well I n s t a l l a t i o n 

Groundwater sampling wells were ins t a l l ed in seven boreholes, two 
within the l a n d f i l l mater ia ls (BH-4 and BH-5), two d i rec t ly below 
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the landfill (BH-3 and BH-7), and three outside of the landfill 

(BH-IB, BH-6, and BH-8). The wells placed in and below the 

landfill were constructed of 2 inch threaded Schedule 80 PVC pipe 

with a 2 foot slotted PVC screen attached to the bottom. The PVC 

was placed inside the hollow stera auger at the bottora of the 

borehole. Pea gravel was placed around the screen and the wells 

were sealed within a specific interval in the borehole using a 

cement-bentonite slurry. 

Two groundwater sampling wells (BH-6 on the south and BH-8 on the 

west sides of the landfill), placed in boreholes drilled with the 

Speed Star drill and drive rig, consisted of 4 inch diameter 

threaded Schedule 40 PVC pipe with the bottora 10 feet slotted. 

The casing was lowered inside the 6 inch diaraeter steel casing. 

Sand and gravel were placed around the slotted section and a 

bentonite seal was placed on top of the sand and gravel. 

Subsequently the steel casing was pulled up until it was above 

the water table. A steel well cover with locking cap was placed 

over the top of the protruding steel casing. 

A special technique was used for corapletion of the groundwater 

sarapling well installed in the raud-rotary drilled borehole BH-IB. 

The hole was drilled to a specified depth using bentonite mud to 

stabilize the hole. A 4-inch threaded Schedule 40 PVC pipe was 

then placed in the hole and cement was forced into the annulus 

between the pipe and the borehole. This isolated the bentonite 

mud frora the saraple section directly below this level. After the 

ceraent had hardened, the borehole was drilled approxiraately 15 

feet further using a biodegradable mud. A 2 inch threaded 

Schedule 80 PVC pipe and slotted screen were then inserted inside 

the 4 inch pipe and pushed into the sample interval. A rubber 

bushing was used to seal the 2 inch pipe against the 4 inch pipe. 

The biodegradable mud was then broken down and flushed out. 
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No PVC cement or so lven t was used in the well i n s t a l l a t i o n to 
avoid p o t e n t i a l c o n t a m i n a t i o n of wa t e r samples by o r g a n i c 
compounds present in the solvent and cement. 

2 .2 .3 Groundwater Sampling and Testing 

On F e b r u a r y 2 2 , 1982 a l l g roundwa te r sampl ing w e l l s were 
developed by evacuating water using compressed a i r for a miniraura 
of a ha l f hour. Wells BH-3, 4 , 5 and 7 produced only a f ine 
stream of water a f te r i n i t i a l l y expel l ing the s tanding water in 
the w e l l . Boreholes BH-6 and 8 were deve loped by the sarae 
technique but were never blown dry due to the l a rge inflow of 
water into thera. Production r a t e s of 12 and 8 gpra were measured 
a t the completion of d r i l l i n g in BH-6 and 8, respec t ive ly . 

During development of a l l we l l s e x c e p t BH-3, wa te r q u a l i t y 
samples were taken and analyzed for bas i c f i e l d water q u a l i t y 
pararaeters including teraperature, s a l i n i t y , conduct ivi ty ând pH, 
some of which are l e a c h a t e i n d i c a t o r s . F ie ld wa te r q u a l i t y 
samples from BH-3 and the Linda Heights well (located east of 1-5 
in the Linda Heights park) were t a k e n wi th a n i t r o g e n l i f t 
sampler and analyzed. Basic f ie ld water qual i ty t e s t s were a l so 
conducted in surface water ponds that existed at the time of the 
f ie ld study. 

The r e s u l t s of a l l f ie ld water qua l i ty t e s t s perforraed are l i s t ed 
in Appendix C. No labora tory water q u a l i t y ana lyses have been 
corapleted to da te . 

Permeabili ty t e s t s were conducted on February 23 , 1982 in wel ls 
BH-3 and 7 u t i l i z i n g a ba i l e r to remove water and then monitoring 
recovery within the sample w e l l . Tes t s were at tempted in BH-6 
and 8 but recovery was e s sen t i a l l y instantaneous, thus precluding 
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8 
ana lys is for permeabi l i ty . The r e s u l t s of the permeability t e s t s 
are presented in Section 3 .3 .2 . 

Water leve ls in a l l sampling w e l l s , p iezometers and the Linda 
Heights well were monitored between the dates of January 21 , 1981 
and Apr i l 7 , 1982. A summary of water l eve l measurements i s 
presented in Appendix C. 

2.2.4 Methane Gas Sarapling Well I n s t a l l a t i o n and Monitoring 

The Seatt le-King County Health bepartment has placed a s e r i e s of 
19 shallow gas sampling wel l s west of the l a n d f i l l . Wells are 
general ly about 42 inches deep, consis t of s l o t t e d p l a s t i c pipe 
surrounded by gravel and are covered with a s lo t ted PVC cap. The 
locat ion of these wells are shown on Figure 2 -1 . In add i t i on to 
these wel l s , Golder Associates placed 3 deep gas sarapling we l l s 
in boreho les BH-1 and BH-2A. These wel l s c o n s i s t of 2 inch 
Schedule 80 PVC pipe with a 2 foot s lo t ted PVC screen attached to 
the bottom. Gravel was placed around the s l o t t e d screen which 
was sea led wi th in a s p e c i f i c i n t e r v a l in the b o r e h o l e u s i n g 
b e n t o n i t e . Methane gas l e v e l s were measured by the H e a l t h 
Department on December 15 and 22, 1981 and January 7, 1982 and by 
Golder Associates on January 12 and February 23, 1982. 

Golder A s s o c i a t e s a l s o r e c e i v e d from the C i t y of S e a t t l e 
Engineering Departraent a l e t t e r from the Departraent of Health 
which contained the r e s u l t s of raonitoring for methane gas around 
t h e Midway l a n d f i l l i n b u i l d i n g s t r u c t u r e s a i r s p a c e s 
( i n t e r io r - c rawl s p a c e s , e t c . ) in storra d r a i n s , and in P a c i f i c 
Northwest Bel l ground v a u l t s . R e s u l t s of a l l methane gas 
monitoring are presented in Appendix C. 
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2.2.5 Surface Water Mapping 

Surface water occurrence was mapped on February 23, 1982. The 

location of seep areas on the sides of the landfill were also 

identified. Large areas of ponded water in the proximity of the 

toe of the landfill were sketched on topographic raaps and the 

levels of these ponds were later survieyed. Surface water 

occurrence is shown in Figure 2-1. 

2.2.6 Surveying 

The City of Seattle provided services to survey the location and 

elevation of all sampling wells, piezometers and surface water 

ponds at the Midway site. The locations and elevations of all 

points are presented in Appendix C. 

2 . 3 COVER MATERIAL SEARCH 

An i n v e s t i g a t i v e program was u n d e r t a k e n t o d e t e r r a i n e p o t e n t i a l 

s o u r c e s of f i n e s a n d , s i l t o r c l a y which cou ld be used s e p a r a t e l y 

o r c o m b i n e d w i t h o t h e r g r a n u l a r raaterials t o form a s u i t a b l e 

f i n a l c o v e r . A nuraber of C i t y , C o u n t y and S t a t e o f f i c e s w e r e 

c o n t a c t e d c o n c e r n i n g p o s s i b l e s o u r c e s of f i n a l c o v e r raaterials. 

A c o r a p l e t e l i s t of t h e i n f o r m a t i o n o b t a i n e d i s p r e s e n t e d i n 

Appendix D. 

2 .4 LABORATORY INVESTIGATION 

A l a b o r a t o r y i n v e s t i g a t i o n was c o n d u c t e d t o d e t e r m i n e t h e b a s i c 

g e o t e c h n i c a l a n d h y d r o l o g i c p r o p e r t i e s o f t h e m a t e r i a l s 

e n c o u n t e r e d d u r i n g t h e f i e l d i n v e s t i g a t i o n . The l a b o r a t o r y 

t e s t i n g p rogram i n c l u d e d t h e f o l l o w i n g : 
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o gradation 

o compaction 

o natural moisture content 

o perraeability 

Laboratory tests were also conducted on samples of potential 

cover materials. 

Individual tests are discussed in the following subsections. The 

results of the laboratory investigation, in conjunction with the 

results of the field investigation, are presented in Section 3.0 

of this report. 

2.4.1 Gradation 

Gradation t e s t s were not conducted on the major i ty of samples 
ob ta ined from the d r i l l i n g program, because they were not of 
su f f i c ien t s ize to be considered r e p r e s e n t a t i v e of the m a t e r i a l 
encoun te red . R e p r e s e n t a t i v e samples were o b t a i n e d frora t h e 
exposed walls in the southwest corner of the l a n d f i l l s . Gradation 
t e s t s were conducted ori these saraples and samples c o l l e c t e d from 
p o t e n t i a l borrow s i t e s fo r t h e cover m a t e r i a l . Tes t were 
conducted in accordance with procedures outlined in ASTM D422 and 
D1140. 

2.4.2 Compaction 

Compaction t e s t s were perforraed on samples takeri frora p o t e n t i a l 
borrow m a t e r i a l s . Harvard M i n i a t u r e compact ion t e s t s were 
conducted according to p rocedures o u t l i n e d in Head ( 1 9 8 0 ) . 
C e r t a i n samples were recompacted under cond i t i ons s imula t ing 
placement in the f i e ld , per the recommendation of Lutton (1979); 
the energy was reduced to account for the a n t i c i p a t e d lower 
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compaction under f i e l d c o n d i t i o n s due t o t h e s o f t m a t e r i a l 
underlying the compacted layer . 

2 .4 .3 Moisture Content 

Na tu ra l mois ture con ten t was determined for saraples from the 
f ie ld explora t ion program. Tes t s were conducted according to 
procedures outl ined in ASTM D2216. 

2.4.4 Permeability 

P e r m e a b i l i t y t e s t s were conducted on recompacted samples of 
p o t e n t i a l cover raaterial. All p a r t i c l e s l a r g e r than the #10 
s i e v e were reraoved before t e s t i n g . Samples were compacted 
d i r e c t l y in a perraearaeter a t optiraura mois ture content based on 
the r e s u l t s of a compaction t e s t c a r r i e d out on the raaterial. 
The saraples were recorapac ted under c o n d i t i o n s s i r a u l a t i n g 
placement in the f i e ld , per recomraendation of Lutton (op. c i t . ) . 

Tests were conducted according to procedures o u t l i n e d in So i l 
Testing for Engineers (Lambe, 1951). 
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3.0 GEOLOGIC AND HYDROLOGIC CONDITIONS 

3.1 GEOLOGY 

3.1.1 Regional 

The current geographic features in southwestern King County are a 
r e s u l t of the Vashon g l ac i a t i on . The land mass in the v i c i n i t y 
of the Midway l a n d f i l l , bordered by the Green River and Puget 
Sound, c o n s i s t s p r i m a r i l y of ground moraine d e p o s i t s . These 
d e p o s i t s a r e composed of compac t u n o x i d i z e d t i l l , w i t h 
discontinuous covers of sands and grave ls . 

The Midway l a n d f i l l i s l oca ted in a l o c a l i z e d d e p r e s s i o n in 
ground moraine d e p o s i t s of advance g l a c i a l o u t w a s h . These 
mater ia l s were deposited by proglac ia l streams during advance of 
the ice shee t . The m a t e r i a l s can g e n e r a l l y be descr ibed as a 
complex mixture of l igh t -gray sand, sand and g r a v e l , g rave l and 
cobbles. I t loca l ly includes some fine sand and larainated s i l t s 
and c l ays . 

3.1.2 Si te Specific 

The site specific geologic conditions in the vicinity of the 

Midway landfill were determined from the results of the field 

investigation. 

Generally, the stratigraphy consists of the landfill materials 

overlaifv-by a thin layer of tan and brown silts and clays. These 

fines were deposited during the gravel raining operation as a 

result of washers that were used to remove the silts and clays 

from the sand and gravel. Water was obtained from Lake Mead and 

then recycled back resulting in the silts and clays being 
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13 
deposited on the bottom. Near the end of the raining operations 

the natural barrier separating the gravel pit and Lake Mead was 

broken. Water flooded the base of the pit and some of the fine 

grained materials from Lake Mead were deposited at the base of 

the gravel pit. The fine-grained deposits are probably of 

limited extent and do not form a continuous layer under the 

landfill. In the north section of the landfill, where Lake Mead 

was once located, the silts and clays overlie deposits of peat. 

Underneath the peat deposits and the reraainder of the landfill is 

a complex mixture of glacial outwash materials. 

The glacial outwash deposits consist of material ranging frora 

clayey sand and gravel to clean gravels, with zones of silts and 

clays. Along the western border of the landfill are two separate 

deposits of a gray silt and a silty clay. Also on the east of 

the landfill a thin clay pocket was intersected. There appears 

to be a large permeable water-bearing zone running approximately 

north-south beneath the center of the landfill, although existing 

data are insufficient to actually delineate this zone. 

Figure 3-1 shows cross sections through the landfill. These 

sectipns have been drawn to intersect several of the exploration 

locations and generally indicate the major geologic features 

occurring at the landfill. 

Due to the coarse nature of the glacial outwash deposits it was 

extremely difficult to obtain representative samples of these 

materials for laboratory testing. Drive tube samples that were 

recovered were returned to the laboratory for classification and 

water content testing. The results of these tests are shown on 

the borehole logs. Rotary drill cuttings were obtained over 5 

foot intervals and were used for classification of the 

materials. 
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Two large bulk samples were obtained from the material exposed on 

the south and west slopes of the old gravel pit. Grain size 

tests were conducted on both samples and are shown in Figure 3-2. 

These saraples indicate a partial range of the grain sizes that 

are representative of the glacial outwash materials. The samples 

are generally well graded and contain a significant amount of 

silt-size raaterial. 

3.2 SURFACE WATER 

3.2.1 Regional 

The regional flow of surface water is controlled by the regional 

ground surface contours. Figure 3-3 shows ground surface 

contours in the vicinity of the Midway landfill with the dashed 

line indicating the approximate surface water divide between the 

Green River and Puget Sound drainages. Surface water falling in 

the vicinity of the Midway site will flow towards Puget Sound. 

3.2.2 Site Specific 

Review of aerial photographs covering the Midway site, in 1936 and 

1946 confirm that the landfill was located in a local depression 

and that there has probably never been any surface drainage off 

of the site. Water that collected in this area either flowed 

into Lake Mead, infiltrated into the groundwater or 

evapotranspired. 

The landfill is currently serving as a drain field for surface 

water that is collected east of 1-5. Water is conducted in two 

CMP culverts running under the freeway and into the landfill. 

Surface water ponds are located along the north and west border 

of the landfill and in the southwestern corner. These ponds are 
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fed by both on-site and off-site surface drainage as well as from 

seeps in the landfill. The levels of these ponds reportedly vary 

considerably depending upon season of the year. Surface water 

infiltrating into the landfill is apparently percolating below 

the landfill into the regional groundwater. The water level in 

the pond located near the scale house on the west side of the 

landfill is currently being controlled by puraping excess water 

into the pond in the southwest corner of the landfill where it 

readily infiltrates into the permeable raaterials underlying the 

area. Existing culverts and the extent of surface water ponds on 

March 9, 1982 are shown in Figure 3-4. 

3.3 GROUNDWATER 

3.3.1 Regional 

Approxiraate contours of the regional groundwater table are shown 

in Figure 3-5. These contours were constructed frora static water 

levels of various wells in the area reported in Water Supply 

Bulletin No. 28 (Luzier, 1969). Water levels were obtained frora 

drillers logs and were raeasured over a period of years frora 

various depths and aquifer horizons. Thus, significant scatter 

in the readings is observed. Non-representative readings raay 

also have resulted frora water level raeasurements taken shortly 

after the wells were pumped. This raay account for sorae of the 

areas of localized depression of the groundwater contours. In 

general, the groundwater contours follow the same pattern as the 

ground surface contours and indicate that there is a groundwater 

divide north of the Midway landfill frora which water is flowing 

out in all directions. The landfill is located near the divide 

between groundwater flowing into the Green River and that flowing 

into Puget Sound. The data is insufficient to draw detailed 

groundwater contours at the Midway site but based, upon raeasured 
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water levels and surface topography, groundwater is believed to 

be flowing generally to the south or southwest. 

3.3.2 Site Specific 

S t a t i c water level e l e v a t i o n s in a l l water sarapling wel ls 
corapleted at the Midway s i te were raeasured on March 9, 1982 and 
are shown on Figures 3-6 and 3 -7 . The d i r e c t i o n of the 
groundwater flow in the v i c i n i t y of the l and f i l l is coraplex. 
Within the landfil l groundwater is perched on the s i l t and clay 
layers that were identified in certain areas at the base of the 
landf i l l as indicated by s t a t i c water level e levat ions of wells 
corapleted in the l a n d f i l l shown on Figure 3-7. This perched 
mound is being fed by surface water frora the s i t e and east of 
1-5. Water from this mound is apparently percolat ing into the 
regional groundwater probably through pervious zones ident i f ied 
a t the southern end of the l a n d f i l l . S t a t i c water l eve l 
elevations frora wells located below or outside of the l and f i l l 
ind ica te that there is a local ized groundwater mound in the 
regional groundwater systera along the west side of the l and f i l l 
(see Figure 3-6). This is probably due to the numerous surface 
water ponds located in t h i s area which are recharg ing the 
groundwater. This localized mound evidently causes groundwater 
on the west side of the l a n d f i l l to flow eastward towards the 
center of the landfi l l and then southward out of the iraraediate 
area of the l a n d f i l l . During the dry season of the year when 
these ponds are reduced or disappear, s t a t i c groundwater levels 
on the west side of the landfi l l raay drop and the gradient could 
turn to a southerly or southwesterly direction. 

Field water quality samples were taken from each sarapling well 
and tested for leachate i n d i c a t o r s . The r e s u l t s of a l l f ield 
water qua l i ty t e s t s are l i s t e d in Appendix C. Conduct iv i ty 
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values, which are usually a good indicator of the presence of 

leachate, are shown in Figure 3-8. Conductivity readings for 

uncontarainated groundwater in this area are probably in the the 

range of 100-200 yrahos/cra. Readings greater than this probably 

indicate leachate contaraination. The values indicate that raost 

leachate generated frora the landfill is flowing downward to the 

regional groundwater table and then towards the south in the 

direction of the regional groundwater flow. It should be noted 

that the direction of the groundwater flow (and leachate flow) in 

the vicinity of the landfill could change during the dry season 

of the year and that continued raonitoring of water levels is 

required to evaluate seasonal fluctuations in flow direction. 

Field perraeability tests were conducted in boreholes BH-3 and 

BH-7 which were sealed into the glacial deposits below the 

landfill. The recovery of water in BH-3 was extreraely slow 

indicating that the tip was located in low perraeability raaterial 

or that it may have become partially plugged. Permeabilities of 

5 X 10-7 cm/sec and 4 x 10-5 cm/sec were measured for 
BH-7 and BH-3 respectively. 

Rising head tests similar to those conducted in BH-3 and BH-7 

were attempted in BH-6 and BH-8. In these larger diaraeter wells 

only a sraall drawdown could be obtained with the air corapressor 

that was being used to blow out the holes. The recovery was so 

fast that reasonable data could not be obtained for an exact 

determination of the permeability. Frora'the observed raaterial 

characteristics and puraping rates that were recorded during 

drilling, it is estiraated that the perraeability raay be on the 

order of 10-2 to 10-3 cm/sec for material intersected in 

BH-6 and BH-8. These values are representative of the types of 

materials present. 
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3.4 METHANE GAS 

Review of the raonitoring data indicates that there are two areas 

of high, near-surface raethane gas concentrations (see Figure 

3-9). These areas are outside of any fill raaterial, thus gas is 

traveling through the subsurface soil to the west. The methane 

gas problem was first identified in the area when Pacific 

Northwest Bell workmen opened a telephone vault and noticed high 

levels of methane gas, indicating that the gas is migrating in 

existing utility trenches west of the landfill. No other areas 

of methane gas raigration have been identified or reported around 

the periphery of the landfill. 

A large portion of the area labeled A in Figure 3-9, which 

contained high subsurface methane gas concentrations, is covered 

with impermeable asphalt or concrete. This is believed to be 

trapping gas underneath, forcing it to travel horizontally 

westward. Upon reaching Highway 99 the gas probably flows in the 

relatively more pervious backfill of utility trenches, running 

along the highway, to the area labeled B. Storm drainage lines 

have been identified running across Highway 99 in this area. 

Three wells were completed to detect any deep migration of 

methane gas at the locations shown in Figure 2-1. Monitoring in 

these wells hais not indicated any presence of deep raethane gas 

migration, thus enforcing the observation that gas migration is 

directly beneath the asphalt and cement. 
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4.0 ELEMENTS OF A CONCEPTUAL CLOSURE DESIGN 

4.1 REGULATORY REQUIREMENTS 

Municipal sol id waste l a n d f i l l s should not contain subs tances or 
c h a r a c t e r i s t i c s which would c l a s s i f y them as hazardous waste 
under the Federal Resource Conservation and Recovery Act (RCRA) 
or as dangerous waste under the S t a t e of Washington Dangerous 
Waste Regulations WAC 173-303. Therefore i t is assuraed, for the 
p u r p o s e of t h i s s t u d y , t h a t Midway i s not a d a n g e r o u s or 
hazardous waste s i t e . I t i s not c lear whether the s i t e will have 
to be spec i f i ca l ly tes ted for hazardous waste c h a r a c t e r i s t i c s of 
i g n i t a b i l i t y , co r ros iv i ty , r e a c t i v i t y and EP t o x i c i t y as defined 
in RCRA and WAC 173-303. 

R e l a t i v e l y few s p e c i f i c r e g u l a t o r y r e q u i r e r a e n t s p e r t a i n to 
groundwater raonitoring at sol id waste s i t e s . Under RCRA, the EPA 
has published c r i t e r i a in the Federal Register (FR) Septeraber 13, 
1979 for c lass i fying f a c i l i t i e s as e i t h e r s a n i t a r y l a n d f i l l s or 
open dumps. Groundwater c r i t e r i a speci fy t h a t "A f a c i l i t y or 
p r a c t i c e s h a l l not contaminate an underground d r ink ing water 
s o u r c e beyond t h e s o l i d was te boundary . . . " The term 
"underground d r ink ing water s o u r c e " a p p l i e s t o any a q u i f e r 
supplying dr inking water for human consuraption or any aqui fer 
containing groundwater with less than 10,000 rag/1 t o t a l dissolved 
s o l i d s . Under the l a t t e r d e f i n i t i o n the groundwater in t he 
Midway area would be considered a drinking water source and thus 
contaraination should not extend beyond the property boundary. 

S t a t e and County r e g u l a t o r y requi rements govern ing l a n d f i l l 
o p e r a t i o n and c l o s u r e a r e o u t l i n e d in S t a t e of Washington 
regula t ions r e l a t ing to Miniraura Func t iona l S tandards for Sol id 
Waste Handling, WAC 173-301 and King County Board of Health Rules 
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and Regulations E s t a b l i s h i n g Miniraura Func t iona l S tandards for 
Solid Waste Handling; Prohibi t ing Certa in Conduct, Nuraber V I I I . 
Applicable s t a t e and county requirements are l i s t e d below. 

o Plans for a sani tary l a n d f i l l s h a l l inc lude p rov i s ions 
for in tercept ion and treatment of leachate a t a l l s i t e s 
where the average annual p r e c i p i t a t i o n i s 25 inches or 
more. I n t e r c e p t i o n and t r ea tmen t may be requ i red at 
o t h e r s i t e s . P lans and s p e c i f i c a t i o n s for l e a c h a t e 
c o l l e c t i o n and t rea t raent raust be subraitted to arid be 
approved by the Departraent of Ecology and an applicat ion 
f o r a w a s t e d i s c h a r g e p e r m i t be s u b m i t t e d where 
a p p l i c a b l e . I t s h a l l be the r e s p o n s i b i l i t y of t h e 
operator to develop a sampling and t e s t i n g program for 
l e a c h a t e approved by the Sea t t l e -K ing County Hea l th 
Department. 

o The dis tance separating the groundwater t a b l e from the 
bottom of a s a n i t a r y l a n d f i l l d i s p o s i n g of r e a d i l y 
decoraposable organic waste and hazardous wastes shal l be 
d e t e r m i n e d on a c a s e - b y - c a s e b a s i s . G e n e r a l l y a 
s epa ra t i on e q u i v a l e n t to four (4) f e e t of impervious 
s o i l shal l be the miniraura separation between the bottora 
of the f i l l and the highest groundwater. 

o Provision sha l l be made for adequate, vent ing or r e d i ­
rec t ing of gases generated by sol id waste, if conditions 
r equ i r e . I t sha l l be the respons ib i l i ty of the operator 
t o develop a sarapling and tes t ing program to monitor gas 
p r o d u c t i o n a p p r o v e d by t h e S e a t t l e - K i n g Coun ty 
Department of Public Health. 
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As soon as possible af ter reaching the f i n a l l i f t of a 
given area of a s i t e , the area shal l be covered with an 
equivalent of two (2) feet of compacted s o i l adequate ly 
sloped to allow surface water to run off. 

The finished surface of the f i l l ed area shal l be covered 
with adequate t i l l a b l e s o i l and seeded wi th n a t i v e 
grasses or other s u i t a b l e v e g e t a t i o n iraraediately upon 
c o r a p l e t i o n , o r as soon as c o n d i t i o n s p e r m i t . I f 
necessary, slopes sha l l be covered with s traw or o ther 
mulch to prevent erosion, both before and af ter seeding. 
Final grades s h a l l conform to those s p e c i f i e d in the 
approved d e s i g n p l a n . Proposed r e v i s i o n s of t h e 
o r ig ina l design plan s h a l l be submitted to the Health 
Officer for approval. 

At the completion of the f i n a l cover of a s a n i t a r y 
l a n d f i l l , the Seatt le-King County Department of Pub l i c 
Health sha l l be n o t i f i e d a t l e a s t t h i r t y (30) days in 
advance in o r d e r t h a t a s i t e i n v e s t i g a t i o n may be 
conducted before earth-moving equipment i s removed from 
the p r o p e r t y . Maintenance s h a l l be conducted by the 
owner of t h i s s i t e at the time of the abandonment and/or 
corapletion un t i l the f i l l becomes s t a b i l i z e d or for a 
minimum of f ive (5) y e a r s . N e c e s s a r y l e v e l i n g and 
r epa i r s shal l be made., 

Maps and a s ta teraent of fac t concerning the d i sposa l 
a r ea s h a l l be recorded as p a r t of the deed with t he 
County Department of Records and E l e c t i o n s not l a t e r 
t h a n t h r e e (3) m o n t h s a f t e r t h e c o m p l e t i o n of 
o p e r a t i o n s . Records and p lans spec i fy ing m a t e r i a l s , 
loca t ion , and per iods of ope ra t ion s h a l l be a v a i l a b l e 
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f o r i n s p e c t i o n . Area s used f o r t h e d i s p o s a l of w a s t e s 

s h a l l n o t be s o l d o r t r a n s f e r r e d w i t h o u t a d v a n c e d 

n o t i f i c a t i o n of t h e S e a t t l e - K i n g C o u n t y D e p a r t r a e n t of 

P u b l i c H e a l t h . 

The King County H e a l t h Depar t raen t and t h e W a s h i n g t o n D e p a r t r a e n t 

o f Eco logy have en fo rce raen t power o v e r t h e r e g u l a t i o n s b u t i t i s 

u n c e r t a i n t o wha t e x t e n t t h e s e a g e n c i e s w i l l r e q u i r e r e m e d i a l 

m e a s u r e s t o be t a k e n a t t h e Midway s i t e . We h a v e d e v e l o p e d 

v a r i o u s c o n c e p t u a l c l o s u r e d e s i g n e l e m e n t s and r e c o r a m e n d a t i o n s 

w h i c h a r e i n t e n d e d t o s a t i s f y t h e r e g u l a t o r y r e q u i r e m e n t s 

c o n c e r n i n g : 

o S u r f a c e w a t e r manageraent 

o L e a c h a t e / g r o u n d w a t e r management 

o Methane gas raanageraent 

o F i n a l g r a d e c o n t o u r s . 

The p a r t i c u l a r e l e m e n t s t h a t a r e i n c o r p o r a t e d i n t o t h e f i n a l 

c l o s u r e s y s t e m a t t h e Midway l a n d f i l l w i l l depend on a number of 

f a c t o r s i n c l u d i n g r e g u l a t o r y r e q u i r e r a e n t s , f i n a l l a n d u s e and 

c o s t . 

4 . 2 SURFACE WATER MANAGEMENT 

The c o n t r o l of s u r f a c e w a t e r r u n o f f i s c u r r e n t l y a m a j o r p r o b l e m 

a t t h e Midway s i t e . P o o r d r a i n a g e p a t t e r n s a l l o w p o n d i n g and 

i n f i l t r a t i o n , of o n - s i t e r u n o f f , i n t o t h e f i l l . S u r f a c e r u n o f f 

f rom e a s t of 1-5 i s d i r e c t l y i n j e c t e d i n t o t h e l a n d f i l l by 

s u b s u r f a c e d r a i n s . T h e s e p r a c t i c e s c o n t r i b u t e t o l e a c h a t e 

p r o d u c t i o n and m i g r a t i o n . As p a r t o f t h e c l o s u r e p l a n , an 

e f f e c t i v e s u r f a c e w a t e r manageraent systera raust be d e v e l o p e d which 

p r o v i d e s a d e q u a t e d r a i n a g e and r e l e a s e of s u r f a c e w a t e r and 
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prevents i n f i l t r a t i o n into the l a n d f i l l . This wil l probably 
involve appropriate grading of the landfil l to provide drainage, 
construction of on - s i t e re ten t ion f a c i l i t i e s , construction of 
on-site and off-s i te drainage pipes or channels, and elimination 
of the d ra in f ie ld for water o r ig ina t ing east of 1-5. I t i s 
understood that spec i f ic recomraendations for sur face water 
management will be developed for the final closure plan. 

The major geotechnical concern regarding surface water manageraent 
is the eliraination of inf i l t ra t ion into the l and f i l l since th i s 
serves to generate leachate. Measures to accoraplish this include 
contour grading of the s i t e and placement of a s o i l cover . 
Details of these measures are discussed further in Sections 4.4 
and 4.5, respectively. 

4 . 3 LEACHATE/GROUNDWATER MANAGEMENT 

With e f fec t ive control of the surface water at the s i t e the 
amount of leachate generated in the landfil l can be significantly 
reduced. Evidence indicates that the landfil l raaterials are not 
in contact with the regional groundwater t a b l e . Therefore, the 
major source of l e a c h a t e , a f t e r s t e a d y - s t a t e p o s t - c l o s u r e 
condit ions have been reached, is l ike ly to be sur face water 
in f i l t ra t ing the cover. Various conceptual design elements for 
the reduction of leachate generation, collection of leachate, and 
interception of groundwater are presented below. These design 
elements represent various leve ls of effor t in the control of 
existing and future leachate. The pa r t i cu la r system chosen at 
the Midway l and f i l l wi l l depend upon regulatory requirements, 
final land use and cost. 
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4.3.1 Soil Cover 

Placement of a cover is intended to restrict the quantity of 

surface water infiltrating the landfill and thus reduce leachate 

production. As a miniraura requireraent, the landfill should be 

capped with at least two feet of compacted soil, or equivalent. 

The cover should consist of a relatively low permeability 

compacted soil layer overlain by topsoil and a vegetative cover. 

It should be embedded at least two feet into the natural soils 

surrounding the landfill. Gerierally, a final soil cover will 

consist of clayey to silty sands. These materials are well 

suited for a final cover because they retard infiltration, are 

resistant to wind and surface water erosion, are plastic enough 

to accommodate settlements with limited maintenance, and are 

fertile enough to sustain vegetation. The specific design of a 

soil cover and availability of raaterials are addressed in Section 

4.5. 

4.3.1.1 Leachate Production 

A corapacted spil cover, as is recoraraended, will not provide a 

completely impermeable barrier to infiltration. Therefore, an 

estimate of infiltration through the cover into the landfill has 

been made to assess potential quantities of leachate production. 

The hydrologic system existing after placement of a soil cover is 

conceptually shown in Figure 4-1. Water is provided to the 

landfill by precipitation and lost by surface runoff, evapo­

transpiration and infiltration through the landfill into the 

groundwater. Once in the landfill, water will flow vertically 

until encountering either low permeability layers within or at 

the base of the landfill. Water not intercepted by these layers 

will infiltrate the regional groundwater. 
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A water balance method was used to estiraate infiltration, the 

details of which are provided in Appendix E. For the anticipated 

range of cover permeabilities, 10-6 to 10-7 cm/sec, the 

volurae of annual infiltration through the cover ranges frora 

approxiraately 14.8 to 1.5 acre-feet. 

The above quantities of leachate production are only estimates. 

Variations in cover characteristics, vegetation, precipitation 

and other factors will significantly affect the net quantity of 

leachate produced in the landfill. 

4.3.2 Leachate Collection 

In addition to a soil cover, a further reduction in the quantity 

of leachate reaching the groundwater could be accomplished by a 

system designed to collect a portion of the leachate. Leachate 

will tend to accuraulate in the two low areas of the landfill at 

the base of the old gravel pit and Lake Mead (see Figure 4-2). 

Infiltration into the groundwater will be inhibited by the low 

permeability peat and clay deposits that were identified in these 

areas. Wells placed at the top of these low permeable materials 

could be pumped as necessary to maintain the perched leachate 

levels as low as possible, thus reducing infiltration into the 

groundwater. 

Based on current information as to the extent and depth of the 

leachate in the landfill and assuming an effective porosity for 

the landfill materials of 0.3, it is estiraated that a drainable 

volurae of 300 acre-feet of leachate exists within the landfill. 

Due to the limited lateral extent of these low permeability 

layers (see Figure 4-2), not all of the existing leachate could 

be reraoved by this system. A portion of the future leachate 

generation, which is estimated to be between 14.8 and 1.5 
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a c r e - f e e t yea r ly (depending on cover p e r m e a b i l i t y ) could be 
removed by p e r i o d i c puraping. This systera would probably not 
in te rcep t and remove a l l of the leachate in the l a n d f i l l or t h a t 
gene ra ted by i n f i l t r a t i o n but would s i g n i f i c a n t l y reduce the 
amount reaching the regional groundwater. 

For the purpose of a conceptua l des ign we have assumed t h a t a 
s e r i e s of three wells located approximately as shown in Figure 
4-2 would be used to remove l e a c h a t e in the l a n d f i l l . Water 
l eve l s in these wells along with other piezometers located in the 
l a n d f i l l should be monitored regu la r ly . When water l e v e l s reach 
some predetermined l e v e l the we l l s should be pumped u t i l i z i n g 
appropria te subraersible pumps lowered down each w e l l . Leachate 
removed from these we l l s w i l l r e q u i r e t rea tment before being 
discharged. 

In order to provide a de ta i led design of such a systera, f u r the r 
inves t iga t ions would be required to determine the aji^rial ex ten t 
of the c lay and pea t d e p o s i t s , the depth to the top of these 
d e p o s i t s over t h e i r a-e_r_î J. e x t e n t , and t h e p e r m e a b i l i t y 
c h a r a c t e r i s t i c of the l a n d f i l l ma te r i a l s . This inforraation could 
be ob ta ined frora a d d i t i o n a l boreholes p o s s i b l y corabined with 
geophysical surveys and pumping t e s t s . 

4 .3 .3 Groundwater In tercept ion 

If the City is required to elirainate or control a l l the l e a c h a t e 
l e a v i n g t h e s i t e , t h e n t e c h n i q u e s f o r i n t e r c e p t i n g t h e 
groundwater should be incorporated into the f i n a l c losu re p l a n . 
Techniques which raight be considered include the following: 

o Cut-off walls 
o Bottora seal ing 
o Deep well dewatering. 
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V a r i o u s c u t - o f f w a l l s y s t e r a s , which i n c l u d e b e n t o n i t e s l u r r y 
t r e n c h e s , g rou t c u r t a i n s and shee t p i l i n g , a re sometimes used to 
d i v e r t g roundwa te r . U s u a l l y t h e s e w a l l s a r e embedded in some 
impervious m a t e r i a l below the l a n d f i l l . At the Midway s i t e t he re 
i s no evidence of a cont inuous irapervious raaterial under lying the 
s i t e a t a depth p r a c t i c a l fo r c o n s t r u c t i o n of a c u t - o f f w a l l . 
T h u s , a c u t - o f f w a l l p r o b a b l y i s no t a v i a b l e a l t e r n a t i v e a t 
Midway. 

Bottora s e a l i n g i s an a l t e r n a t i v e w h i c h i n v o l v e s c r e a t i n g a 
bowl-shaped bottora s ea l beneath the s i t e to i s o l a t e t h e l a n d f i l l 
from t h e g r o u n d w a t e r . The s e a l i s c o n s t r u c t e d by pumping o r 
p r e s s u r e - i n j e c t i n g g r o u t under t h e e x i s t i n g l a n d f i l l t h r o u g h 
tubes p laced through the f i l l a t r e g u l a r i n t e r v a l s . 

Although bottom s e a l i n g may t h e o r e t i c a l l y be a f e a s i b l e a l t e r n a ­
t i v e for groundwater i n t e r c e p t i o n , t h e r e a r e many t e c h n i c a l and 
economic reasons why i t i s no t c o n s i d e r e d v i a b l e a t t h e Midway 
s i t e . The s i l t y t o c l a y e y m a t e r i a l e n c o u n t e r e d be low t h e 
l a n d f i l l would make grou t i n j e c t i o n very d i f f i c u l t a l s o t h e r e i s 
no way t o p o s i t i v e l y d e t e r m i n e i f an e f f e c t i v e s e a l has been 
formed under the l a n d f i l l . Even if the t e c h n i c a l p rob lems were 
overcome, i t i s not c o n s i d e r e d t o be a c o s t - e f f e c t i v e s o l u t i o n 
when compared to o t h e r s (Tolman, 1978) . 

A more c o s t e f f e c t i v e a l t e r n a t i v e f o r i n t e r c e p t i n g t h e 

groundwater i s deep wel l i n t e r c e p t i o n . This c o n s i s t s of p l a c i n g 

e x t r a c t i o n we l l s down-gradient of the l a n d f i l l ( s e e F i g u r e 4-3) 

t o i n t e r c e p t any groundwater c o n t a m i n a t e d wi th l e a c h a t e . Th i s 

would r e q u i r e cont inuous pumping and t r e a t m e n t of l a r g e volumes 

of wa t e r . 
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A further hydrogeologic evaluation of the aquifer, including 

aquifer testing, would be required before a deep well system 

could be designed. Based on the regional groundwater flow, a 

series of these wells (the number, spacing and pump rates to be 

deterrained frora further investigations) could be installed on the 

south end of the landfill. 

A benefit of this system is that by reversing the gradient at the 

south end of the landfill, water south of the fill would be 

flowing back toward the wells. This would locally reverse the 

direction of the plume migration and could remove some of the 

existing leachate that has migrated out of the site. 

4.4 METHANE GAS MANAGEMENT 

Methane gas has been found to be migrating off-site along the 

western boundary of the landfill and the potential for migration 

elsewhere around the landfill exists. Therefore, it will be 

necessary to incorporate a raethane gas collection systera into the 

final closure system. Recomraendations concerning a gas 

collection systera are intended to: 

o Provide an interira systera that would intercept the 

observed gas migration west of the landfill and could be 

installed prior to closure 

o Provide a permanent systera for collection and venting of 

methane gas that would incorporate the interim systera. 

For control of methane gas that has been observed west of the 

landfill Golder Associates has previously recommended that a 

gravel-filled interceptor trench approximately 15 feet deep be 

placed along the west and north side of the landfill as shown in 
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Figure 4-4 ( l e t t e r to Parametrix, I n c . , dated March 3 , 1982, see 
Appendix F ) . Due to the urgency of the problem of raethane gas 
migrat ion, port ions of t h i s in terceptor t rench w i l l probably be 
c o n s t r u c t e d before f i n a l c l o s u r e . Surface water ponds in the 
n o r t h w e s t c o r n e r and a long t h e n o r t h s i d e w i l l p r e v e n t 
construct ion of the trench in these areas un t i l surface dra inage 
i s provided. 

In the southwest corner l i t t l e or no f i l l i n g has taken p lace to 
da t e . A gravel in te rceptor wall should be cons t ruc ted between 
the e x i s t i n g n a t u r a l m a t e r i a l s and the f i l l as i t i s p l a c e d . 
This w i l l ac t as an i n t e r c e p t o r of methane gas and should be 
connected to the o the r raethane gas i n t e r c e p t o r t r e n c h when 
f i l l i n g i s corapleted. 

For c o n t r o l l e d c o l l e c t i o n of raethane gas v e n t i n g out of t he 
l a n d f i l l we recommend placement of a layer of permeable, c o a r s e , 
granular mater ial immediately under the en t i r e f inal cover. This 
would include a network of g r ave l - f i l l ed trenches and c o l l e c t i o n 
pipes to conduct the gas to topographic highs where i t could be 
burned, vented or col lected (see Figure 4-4) . 

Since f i n a l contours of the s i t e have not been d e t e r m i n e d , 
ex i s t ing contours have been used for the conceptual design of the 
gas co l lec t ion system. The only raajor change in t h i s ba s i c plan 
tha t would be required by a change in the contours would be t h a t 
the c o l l e c t i o n p o i n t s would be raoved to the new t o p o g r a p h i c 
h ighs . Cross sect ions through a typica l col lec t ion trench and an 
in te rcep tor trench are a lso shown in Figure 4 -4 . Depending oYi 
the t y p e of systera and t h e nuraber and l o c a t i o n of v e n t s / 
co l l ec t ion po in t s , i t raay be necessary to apply negative pressure 
(suction) to remove the gas. 
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An alternative methane collection system would consist of methane 

collection wells, drilled at sufficient spacing to vent the 

buildup of methane beneath the cover. However, it is considered 

that these wells would not tolerate deflections to the extent 

that flexible pipe would, thus long-term maintenance would be 

more difficult. 

We understand that studies are being conducted by representatives 

of the land owners to deterraine the feasibility of collecting 

methane generated at the landfill for commercial use. These 

studies were not available for this report. The conceptual 

methane gas manageraent systera presented herein will centralize 

the gas collection points and could probably be incorporated into 

a coraraercial recovery systera. However, significant changes may 

be required depending upon the final design of a commercial 

systera. If commercial recovery is not utilized, then methane 

must be either vented or burned in a controlled manner. 

The field investigation did not identify any deep off-site gas 

migration. However, if the monitoring program discussed in 

Section 5.0 reveals any deep raigration, then deep withdrawal 

wells may have to be installed to intercept this gas if it 

presents a serious hazard. 

4.5 FINAL GRADE CONTOURS 

We understand that discussions are currently taking place between 

the City of Seattle, the City of Kent and the landowners 

concerning the final contours pf the site. Thus, in our analyses 

we have assuraed that existing contours are representative of the 

contours at closure. 
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Contour grading of the l a n d f i l l i s a s imple and e f f e c t i v e means 
for c o n t r o l l i n g su r face i n f i l t r a t i o n . Grading the l a n d f i l l t o a 
p r o f i l e of a maxiraura of 12 p e r c e n t and a rainimura of 6 p e r c e n t 
w i t h s i d e s l o p e s no s t e e p e r t han 20 t o 25 p e r c e n t w i l l a l l o w 
s u r f a c e w a t e r t o d r a i n frora t h e s i t e and w i l l rainiraize 
i n f i l t r a t i o n (Tolraan, 1 9 7 8 ) . I f t h e miniraura s l o p e s a r e n o t 
c o m p a t i b l e w i th t h e i n t e n d e d f i n a l l a n d u s e , t h e n s u b s u r f a c e 
d r a i n s raay be r e q u i r e d t o c o n t r o l i n f i l t r a t i o n . The f i n a l 
s u r f a c e c o n f i g u r a t i o n of t h e l a n d f i l l shou ld be d e s i g n e d t o 
perrai t d ra inage even a f t e r se t t l e raen t of t h e f i l l ( e s t i r a a t e d t o 
be up to 25%). I t may be necessa ry tp c o n t i n u a l l y m a i n t a i n t h e 
su r f ace grade dur ing the f i r s t 5 t o 10 y e a r s a f t e r c l o s u r e when 
t h e se t t l e r aen t w i l l be g r e a t e s t . 

F i n a l l a n d u s e a t t h e Midway l a n d f i l l s h o u l d i n c o r p o r a t e 
recoramenda t ions fo r c o n t o u r g r a d i n g of t h e s i t e , a l l o w f o r 
expected s e t t l e r aen t s and p e r i o d i c m a i n t e n a n c e , and accommodate 
t h e methane c o l l e c t i o n systera. 

4 .6 FINAL COVER DESIGN 

Var ious a r t i f i c i a l and n a t u r a l raaterials can be used as a f i n a l 
cove r . Impervious covers such as c o n c r e t e , a s p h a l t and s y n t h e t i c 
l i n e r s a re very expensive and would t y p i c a l l y on ly be r e q u i r e d 
when t h e t o x i c i t y l e v e l of t h e w a s t e m a t e r i a l i s e x t r e r a e l y . 
dangerous to p u b l i c h e a l t h (Kastraan, 1 9 8 1 ) . At Midway a s o i l 
c o v e r systera c o n s i s t i n g of a l o w - p e r r a e a b i l i t y cover raaterial 
which i s o v e r l a i n by t o p s o i l and a v e g e t a t i v e cover shou ld be 
s u f f i c i e n t . The l o w - p e r r a e a b i l i t y cover raaterial shou ld be a 
c l ayey sand t o sandy s i l t . . The compacted cove r shou ld have a 
maximum i n - p l a c e pe r r aeab i l i t y of 10-6 cm/sec, with values of 
10-7 cm/sec being raore d e s i r a b l e . 
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The s o i l c o v e r s h o u l d be p l a c e d o v e r t h e e x i s t i n g s o i l c o v e r 

which i s now in p l ace and should be corapacted t o a t h i c k n e s s of 

frora two t o t h r e e f e e t . G e n e r a l l y , t h e more p l a s t i c t h e 

m a t e r i a l , the t h i n n e r t h e cove r can b e . T o p s o i l shou ld be in 

a d d i t i o n t o t h i s t h i c k n e s s . I t i s es t imated t h a t between 0 .2 t o 

0 .3 m i l l i o n cubic yards of m a t e r i a l w i l l be n e c e s s a r y t o cover 

the 59 a c r e s of the l a n d f i l l . 

I t should be recognized t h a t s p e c i a l p r o c e d u r e s raay have t o be 
d e v e l o p e d by t h e c o n t r a c t o r d u r i n g c o n s t r u c t i o n in o r d e r t o 
o b t a i n proper corapaction of t h e cove r raaterials due t o l a c k of 
r e s i s t a n c e frora the under ly ing f i l l m a t e r i a l s . The cover shou ld 
be embedded a t l e a s t two f ee t i n t o the surrounding n a t u r a l s o i l s 
around the pe r ime te r of the l a n d f i l l . 

An i n v e s t i g a t i o n was undertaken t o determine the a v a i l a b i l i t y of 
s u i t a b l e cover m a t e r i a l in the v i c i n i t y of t h e Midway l a n d f i l l . 
Var ious S t a t e , County, and C i ty agencies were con t ac t ed c o n c e r n ­
ing the a v a i l a b i l i t y of s u i t a b l e cover raaterial. The d e t a i l s of 
t h e i n f o r m a t i o n o b t a i n e d from t h e s e a g e n c i e s i s p r e s e n t e d in 
Appendix D. Large q u a n t i t i e s of p o t e n t i a l l y l o c a l l y a v a i l a b l e 
m a t e r i a l s u i t a b l e as a f i n a l c o v e r were i d e n t i f i e d . T h e s e 
i n c l u d e : 

o waste from the Mt. Baker tunnel excavat ion 
o waste frora the Metro tunne l excavat ion 
o waste frora downtown S e a t t l e bu i ld ing s i t e excava t ions 
o m a t e r i a l from g e o l o g i c a l l y u n s t a b l e a r e a s ( i . e . , 

l a n d s l i d e s ) . 

However, numerous d e p o s i t s of coa r se -g ra ined g l a c i a l m a t e r i a l are 
a v a i l a b l e which, i f combined with s i l t or c l a y , may be s u i t a b l e 
as a f i n a l cover . 
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Three saraples of m a t e r i a l from an abandoned sand and g r a v e l 
operat ion located near the Midway l a n d f i l l (see Figure 4-5) were 
obtained and t e s t e d to determine t h e i r f e a s i b i l i t y as a f i na l 
cover. Figure 4-6 shows the g r a in s i z e curves for the th ree 
samples and Figure 4-7 shows the compact ion c u r v e s for t he 
samples with the m a t e r i a l g r e a t e r t han t h e number 10 s i e v e 
removed. Perraeability t e s t s were conducted on saraples of t h i s 
mater ia l and r e s u l t s are l i s t e d in Table 4 - 1 . 

Table 4-1 
Permeabili ty and Compaction Test Results 

Test S-1 

Maximum Dry Density (PCF) 

Normal Energy(1) 106.5 

Optimum Water Content(%) 14.3 

Maximum Dry Density (PCF) 
Reduced Energy(2) 101.1 

Measured Perraeability 
Reduced Energy(2) 7.0x10" 
(cm/sec) 

(1) Harvard Miniature - 5 layers, 20 blows/layer 
(2) Harvard Miniature - 8 layers, 5 blows/layer 
(3) 60% sand (S-3) - 40% clayey silt. 

The permeability samples were recorapacted at optiraura moisture 

content based on compaction test results under conditions 

simulating placement in the field, per the recoramendations of 

Lutton (1979); that is, the energy was reduced to account for the 

anticipated lower compaction under field conditions due to the 

soft material underlying the compacted layer. Due to the high 

permeability values for these saraples, it is apparent that the 

unmixed samples alone would not be suitable as a low perraeability 

final cover. 

S-2 

115.0 

15.8 

111.8 

2.3x10"^ 

S-3 

110.5 

15.0 

101.4 

1.0x10"̂  

Corabined 
Sample(3) 

_ — 

14.5 

118.2 

2.2x10"^ 
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In the Seattle area there are significant deposits of s i l t y clay 
to clayey s i l t which are loca l ly cal led Lawton Clays. Thus we 
feel that i t is feasible to obtain significant quantities of this 
f ine-grained raaterial to combine with more local ly avai lable 
coarse-grained raaterials to coraprise a suitable final cover. 

A saraple of t h i s coarse-grained raaterial was combined with a 
clayey s i l t obtained frora a downtown S e a t t l e excavat ion to 
determine if a corabination of these raaterials could produce a 
suitable final cover. The results of a grain size analysis t e s t 
and Atterberg Limits tes t on the clayey s i l t are shown on Figure 
4-8. A sample was mixed of 60 percent sand and 40 percent clayey 
s i l t . The results of a corapaction tes t and grain size analysis 
are shown in Figure 4-9. A permeability of 2.2 x 10-8 era/sec 
was raeasured for a sample compacted at optiraura raoisture content 
and reduced energy. Atterberg Lirait tes ts indicate a p l a s t i c i t y 
index of 11. A mater ia l of t h i s permeabili ty and p l a s t i c i t y 
could be used as a final cover. 

Per discussions with S t a t e , City and County o f f i c i a l s , the 
material frora various construction s i tes is available only during 
a r e l a t i v e l y short excavation period. Two a l t e r n a t i v e s are 
available to the City: (1) the City can begin actively searching 
for this raaterial and set aside an area where i t could be stock­
piled unti l construction of the cover is i n i t i a t e d ; or (2) the 
City can delay looking for specific material un t i l the l and f i l l 
i s closed and then material obtained could be placed d i r ec t l y on 
the landfi l l . . 

When spec i f ic deposi ts have been ident i f ied for f i n a l cover 
m a t e r i a l , f u r t h e r t e s t s should be conducted to determine 
compaction and permeabil i ty c h a r a c t e r i s t i c s and the required 
thickness. If raaterials were to be corabined to forra the f inal 
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cover , then f u r t h e r t e s t s would be r equ i r ed to de te rmine m i x t u r e 

q u a n t i t i e s . 

I t i s a n t i c i p a t e d t h a t any s o i l cover placed on the l a n d f i l l w i l l 

r e q u i r e p e r i o d i c raaintenance. T h i s raaintenance would i n c l u d e 

r e g r a d i n g of l o c a l i z e d d e p r e s s i o n s and r e p a i r of c r a c k s which 

would al low s u r f a c e w a t e r i n f i l t r a t i o n . Main tenance would be 

r e q u i r e d u n t i l t he s e t t l e m e n t s have slowed or ceased. 
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5 .0 MONITORING PROGRAM 

Recomraendations for various monitoring programs at the Midway 

site are given below. Monitoring of groundwater quality and 

settlement of the fill are discussed in detail. Monitoring of 

surface water and methane gas will be addressed in raore detail in 

the final closure plan. 

5.1 SURFACE WATER 

A d e t a i l e d a s s e s s r a e n t of t h e s u r f a c e w a t e r raonitoring p r o g r a r a i s 

n o t p o s s i b l e u n t i l v a r i o u s t e c h n i c a l and l e g a l i s s u e s r e g a r d i n g 

t h e d i s c h a r g e and d i s p o s a l of s u r f a c e w a t e r frora t h e Midway s i t e 

a r e r e s o l v e d . T h e s e i n c l u d e a l l o w a b l e r e l e a s e r a t e s and 

d i s c h a r g e p o i n t s . In g e n e r a l , s u r f a c e w a t e r q u a l i t y s h o u l d be 

r e g u l a r l y raonitored t o d e t e r r a i n e i f i t i s b e i n g a d v e r s e l y 

a f f e c t e d by t h e l a n d f i l l a f t e r c l o s u r e . S p e c i f i c d e t a i l s of t h e 

m o n i t o r i n g p r o g r a r a s h o u l d be w o r k e d o u t w i t h t h e W a s h i n g t o n 

D e p a r t m e n t of Eco logy (WDOE) and t h e H e a l t h D e p a r t m e n t . 

S u r f a c e w a t e r s h o u l d be m o n i t o r e d a t a n y l o c a t i o n w h e r e i t 

d i s c h a r g e s from t h e s i t e . I t i s e x p e c t e d t h a t bo th s e m i - a n n u a l l y 

and m o n t h l y s a r a p l i n g and a n a l y s i s o f s u r f a c e w a t e r f o r b a s i c 

l e a c h a t e i n d i c a t o r s w i l l be r e q u i r e d . More c o r a p l e t e c h e r a i c a l 

a n a l y s i s i s recommended i n i t i a l l y a f t e r c l o s u r e and t h e n on an 

a n n u a l b a s i s . 

5 .2 GROUNDWATER 

5 . 2 . 1 R e g u l a t o r y R e q u i r e m e n t s 

The WDOE h a s d e v e l o p e d rainimura f u n c t i o n a l s t a n d a r d s f o r s o l i d 

w a s t e s i t e s . The s t a n d a r d s b a s i c a l l y r e q u i r e t h a t l a n d f i l l s do 
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n o t p o l l u t e g r o u n d w a t e r . A l t h o u g h s p e c i f i c w a t e r q u a l i t y 
s t a n d a r d s a re not g iven , i t i s expected t h a t raaxiraura con ta ra inan t 
l e v e l s in Tab le 5-1 a long w i t h p r i r aa ry and s e c o n d a r y d r i n k i n g 
water s t a n d a r d s l i s t e d in Table 5-2 w i l l be used in d e v e l o p i n g a 
groundwater raonitoring program. 
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Table 5-1 
Maximum Contarainant Levels Under 

EPA Solid Waste Classification Criteria 

1. Maxiraura contaminant levels for inorganic cheraicals 

Contaminant Level (milligrams 
per liter) 

Arsenic 0.05 
Barium 1.0 
Cadmiura 0.010 
Chromium 0.05 
Lead 0.05 
Mercury 0.002 
Nitrate (as N) 10.0 
Selenium 0.01 
Silver . 0.05 

The maxiraura contarainant levels for fluoride are: 

Temperature(1) Level 
degrees Degrees (railligraras) 

Fahrenheit Celsius per liter „ :i^ 2 4 

2.2 
2.0 
1.8 
1.6 
UA 

(1) Annual average of the maxiraura daily air teraperature. 

2. Maxiraura contarainant levels for organic cheraicals. 
Level 

(railligraras 
per liter) 

(a) Chlorinated hydrocarbons: 
Endrin (1,2,3,4,10,1O-Hexachloro-6,7-epoxy-
1,4,4a,5,6,7,8,8a-octahydro-1,4-endo, endo-
5,8-dimethano naphthalene) 0.0002 

Lindane (1,2,3,4,5,6-Hexachlorocyclohexane, 
gamraa isoraer 0.004 

Methoxychlor (1,1,1-Trichloro-2,2-bis (p-raeth-
oxyphenyl) ehtane) 0.1 

Toxaphene (CioHioClB-Technical chlorinated 
caraphene, 67 to 69 percent chlorine) 0.005 

(b) Chlorophenoxys: 
2,4-D (2,4-Dichlorophenoxy-acetic acid) 0.1 
2,4,5-TP Silvex ( 2 , 4 , 5 -

Trichlorophenoxypropionic acid) 0.01 

53.7 
53.8 
58.4 
63.9 
70.7 
79.3 

and below 
to 58.3 
to 63.8 
to 70.6 
to 79.2 
to 90.5 

12 and below 
12.1 to 14.6 
14.7 to 17.6 
17.7 to 21.4 
21.5 to 26.2 
26.3 to 32.5 
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Table 5-2 
Primary and Secondary Drinking Water Standards 

(National Primary and Secondary Drinking Water Regulations ^ EPA) 

Constituent 
Maxiraura Contaminant 

Levels 

1. Priraary Standards 

Arsenic 
Bariura 
Cadraium 
Chromium 
Lead 
Mercury 
Nitrate as N 
Selenium 
Silver 
Fluoride 

Endrin 
Lindane 
Methoxychlor 
Toxaphene 
2,4-D 
2,4,5-TP Silver 

0.05 rag/1. 
1.0 rag/1 
0.01 rag/1 
0.05 mg/l 
0.05 rag/1 
0.002 rag/1 
10.0 mg/l 
0.01 mg/l 
0.05 mg/l 
1.4 to 2.4 mg/l 
(temp, dependent) 
0.0002 rag/1 
0.004 rag/1 
0.1 mg/l 
0.005 rag/1 
0.1 mg/l 
0.01 rag/1 

2. Secondary Standards 

Chloride 
Color 
Copper 
Corrosivity 
Foaraing Agents 
Iron 
Manganese 
Odor 

pH 
Sulfate 
Sodium 
Total Dissolved Solids (TDS) 
Zinc 

250 mg/l 
15 color units 
1.0 mg/l 
noncorrosive 
0.5 mg/l 
0.3 mg/l 
0.05 mg/l 
3 threshold odor 
number 
6.5 to 8.5 
250 mg/l 
20 mg/l 
500 rag/1 
5 rag/1 

Golder Associates 
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Evidence i n d i c a t e s t h a t g r o u n d w a t e r below and a d j a c e n t t o t h e 
Midway l a n d f i l l h a s been p o l l u t e d by l e a c h a t e . The p u b l i s h e d 
r equ i remen t s for m i t i g a t i o n of e x i s t i n g l e a c h a t e a r e a p p l i c a b l e 
t o o p e r a t i n g l a n d f i l l s . I t i s not c e r t a i n how these requirements 
w i l l be app l i ed t o a l a n d f i l l a f t e r c l o s u r e . 

The problem of e x i s t i n g groundwater p o l l u t i o n must u l t i r a a t e l y be 
r e s o l v e d by d i s c u s s i o n s between t h e C i t y of S e a t t l e and t h e 
a p p r o p r i a t e r e g u l a t o r y a g e n c i e s . I t i s expected t h a t raonitoring 
of e x i s t i n g p o l l u t i o n w i l l be a minimum requ i rement . 

5 .2 .2 Monitor Well Locat ions 

WDOE s t a n d a r d s r e q u i r e a t l e a s t one u p g r a d i e n t and two down-
g r a d i e n t raonitor w e l l s . Recoraraended l o c a t i o n s of raonitor w e l l s 
a r e shown in F igure 5 - 1 . This a r r ay w i l l provide u p g r a d i e n t and 
downgradient moni tor ing a t the s i t e . The e x i s t i n g sampling we l l s 
in hole BH-6 and BH-8 can be used as m o n i t o r w e l l s . Three new 
monitor we l l s a re recommended: one approximately 300 f e e t n o r t h 
of the f i l l t o monitor upgrad ien t q u a l i t y ; one s o u t h e a s t of t h e 
s i t e ; one approximately 600 f e e t south of t h e s i t e . More w e l l s 
raay be r equ i r ed in the fu tu re depending upon t h e d a t a c o l l e c t e d 
frora the f ive raonitor we l l s recoraraended h e r e i n . 

Piezoraeters i n s t a l l e d as p a r t of the i n i t i a l s i t e i n v e s t i g a t i o n 
s h o u l d c o n t i n u e t o be raonitored. T h e s e i n s t a l l a t i o n s W i l l 
p r o v i d e u s e f u l i n f o r m a t i o n p e r t a i n i n g t o w a t e r l e v e l s , w a t e r 
q u a l i t y and cover performance and should be raonitored r e g u l a r l y . 
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5.2.3 Monitor Well Construction 

Monitor wells should be constructed to comply with regulatory 

standards and guidelines including: 

o Well casing and screen should be made of a relatively 

non-reactive material. PVC is generally acceptable, 

most metals are not; 

o PVC solvent or cement should not be used for plastic 

well casing and screen; 

o Wells should be drilled using air, water, or a biode­

gradable mud as the circulating fluid, and should be 

properly developed to remove any contamination 

introduced during drilling; 

o The annulus of each well should be sealed to prevent 

surface water inflow; 

o The top of each well should be equipped with a locking 

cover. 

Wells at dangerous waste sites are required to be a rainiraum of 4 

inches in diameter to allow easy sample collection. Size 

requirements at municipal landfills are uncertain. The WDOE has 

indicated that smaller wells (e.g., 2 inches) may be acceptable 

if devices are provided which can sample small diaraeter wells. 

A scheraatic of a typical raonitor well is shown in Figure 5-2. 

Proposed methods of monitor well construction should be approved 

by the WDOE before wells are actually installed. 
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5.2.4 Water Sarapling and Analysis 

Water samples can be taken by bailing or pumping the monitor 

wells. The sampling device should be thoroughly cleaned before 

use and should be constructed of raaterials which will not 

chemically alter the sample. 

Prior to collecting a water saraple, a rainiraura of three well 

voluraes of water should be removed from the well. If the well is 

in low yield materials, it is generally sufficient to pump the 

well dry once and let it refill before collecting the sample. As 

water is reraoved frora the well its temperature, conductivity and 

pH should be checked periodically. These parameters should 

stabilize before collecting a sample. 

Sampling procedures should be established in cooperation with the 

laboratory responsible for the chemical analysis. Generally the 

laboratory can provide sample bottles with preservatives already 

added. Cheraical analyses should be conducted by an EPA certified 

laboratory. 

Serai-annual sarapling of monitor wells should be sufficient 

although a final determination of saraple frequency should be made 

in coordination with the WDOE. 

It is recommended that initially a complete cheraical analysis of 

each well be made which will establish conditions at closure. 

Thereafter it should be sufficient to analyze only for major 

leachate indicators. If significant increases in indicators are 

noted more coraplete analysis may be required. A representative 

list of chemical constituents is given in Table 5-3. The final 

list should be developed in cooperation with WDOE. 
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Table 5-3 
Recoraraended Groundwater Analysis 

1. Pararaeters Analyzed Semiannually 

Teraperature Chloride 
pH Iron 
Conductivity COD 
Color TDS 

Turbidity TSS 

2. Additional Parameters Analyzed Initially 

Hardness Arsenic TOC 
Alkalinity Barium BOD 
Acidity Cadmium *Chlorinated Hydrocarbons 
Phosphate Chroraiura **Chlorophenoxys 
Sulfate Copper 
Aramonia as N Lead 
Nitrate as N Manganese 
Nitrite as N Mercury 
Sodiura Selenium 
Fluoride Silver 
Calcium Zinc 
Odor Cyanide 
Potassium Foaming Agents 
Magnesiura 

* Endrin, Lindane, Methoxychlor, Toxaphene 
** 2,4~D, 2,4,5-TP Silver 

5.3 METHANE GAS 

The EPA, in t he i r C r i t e r i a for Class i f i ca t ion of Solid Waste 
Disposal F a c i l i t i e s (FR Septeraber 13, 1979), s t a t e t h a t the 
concentration of explosive gases should not exceed: 

o Twenty-five percent of the lower explosive lirait for 
gases in fac i l i ty structures (excluding gas control or 
recovery systeras); 
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O The lower exp los ive l i m i t for g a s e s in s o i l a t t he 
p r o p e r t y boundary. (The lower e x p l o s i v e l i m i t for 
methane gas in a i r i s about 4 percent by volurae.) 

These are c r i t e r i a , not r e g u l a t i o n s , and thus are not s p e c i f i c 
requireraents for a closure systera. 

The closure systera wi l l incorporate a raethane gas c o l l e c t i o n and 
raanageraent system which w i l l be designed to p r e v e n t o f f s i t e 
migration through the ground. However, i t i s not p o s s i b l e to 
guarantee 100 percent methane co l l e c t i on , thus a gas monitor ing 
system should be es tab l i shed . 

Figure 5-3 shows possible locat ions of gas monitor wel l s on the 
periphery of the s i t e . Note tha t two gas wells ins ta l l ed as part 
of the s i t e i n v e s t i g a t i o n could be u t i l i z e d for m o n i t o r i n g 
raethane. Figure 5-4 shows a t y p i c a l gas raonitor well des ign . 
Any f i n a l des igns fo r a gas raonitor we l l sys tem shou ld be 
developed in cooperation with WDOE and the Health Department. 

5.4 SETTLEMENT 

Decomposition and consol ida t ion of the l a n d f i l l w i l l r e s u l t in 
s i g n i f i c a n t s e t t l e r a e n t s . I t i s not p o s s i b l e t o p r e d i c t t he 
amount of s e t t l e m e n t . However, i t i s u s e f u l t o m o n i t o r 
set t lement in order to mit igate adyerse affects (such as a l t e r e d 
surface drainage, cracking of cover raaterial) and to project long 
term t r ends . 

An annual a e r i a l topograph ic survey would provide the des i red 
inforraation. If annual a e r i a l surveys are not p r a c t i c a l due to 
cost or other considera t ions , settleraent should be monitored by 
s e t t i n g up approximately 12 monitor s t a t i o n s on the l a n d f i l l . 
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Locations should be chosen once final contours and land use are 

determined. Each station would typically consist of a 2 foot by 

2 foot steel-reinforced concrete block, about 12 inches thick and 

buried at least several inches into the ground. The elevations of 

each station should be surveyed at least once a year. 

Golder Associates 
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CONCLUSIONS AND RECOMMENDATIONS 

The stratigraphy at the s i t e consis ts of the l and f i l l 
materials underlain by glacial outwash deposits. These 
deposi t s c o n s i s t p r i m a r i l y of permeable sand and 
gravels with some s i l t , cobbles and boulders. Locally 
they contain deposits of s i l t s and clays. 

Currently, o f f s i te surface water from east, of I n t e r -
s ta te-5 is being conducted into the landfil l and onsite 
surface water is being c o l l e c t e d in va r ious ponds 
around the s i t e . Due to the large amount of surface 
water enter ing the l a n d f i l l , a perched groundwater 
mound containing leachate has formed in the l a n d f i l l . 
T h i s l e a c h a t e i s u l t i m a t e l y i n f i l t r a t i n g t h e 
groundwater. 

Gradients indicate that the groundwater flow d i rec t ion 
a t the s i t e i s predominant ly to the sou th . This 
direction may be influenced by the perched groundwater 
mound in the l a n d f i l l and the sur face water ponds 
around the l a n d f i l l , and may change d i rec t ion af ter 
closure or during dry seasons of the year. 

Various conceptual design eleraents for the closure of 
the landfil l are presented in Section 4. They include 
placeraent of a s o i l cover , raethane gas v e n t i n g / 
collection, leachate collisction, bottom sealing and/or 
groundwater interception. As a miniraura, we recoraraend 
tha t o f f s i t e surface water be r e rou ted around the 
landf i l l , the landfil l be graded to allow adequate on-
s i t e surface water runoff, and a low permeability so i l 
cover be placed over the l a n d f i l l . This wil l reduce 
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the amount of leachate entering the groundwater. A gas 

collection system should be placed underneath the cover 

to collect and vent any methane gas generated. Various 

methane gas cutoff trenches will be needed to intercept 

gas that is migrating to the west, off of the site. 

Details of these systeras are presented in Section 4.0. 

5. Depending on the particular eleraents chosen for the 

closure systera, further detailed geohydrologic studies 

may be necessary (i.e., pump tests, raore boreholes, 

etc.). 

6. Cheraical water quality analyses are needed to assess 

the level of leachate contamination. 

7. A long-terra monitoring prograra should be implemented 

which includes periodic analysis of surface water and 

groundwater which exit the site. Monitoring should 

also include methane gas raigration and settlement of 

the landfill. A suggested monitoring plan and schedule 

are presented in Section 5.0. It is recoraraended that 

the extent of the existing plurae should be determined 

and monitored. 
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APPROXIMATE LOCATION OF EXISTING 
DRAIN LINES AND SURFACE WATER PONDS Figure 3 -4 
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GROUNDWATER ELEVATIONS Figure 3 -6 
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CONDUCTIVITY SURVEY -
GROUNDWATER AND SURFACE WATER Figure 3 -8 
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AREAS OF HIGH METHANE GAS CONCENTRATIONS Figure 3-9 
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LEACHATE COLLECTION SYSTEM Figure 4 - 2 
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SCHEMATIC OF SYSTEM FOR 
GROUND WATER INTERCEPTION Figure 4 - 3 
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METHANE GAS COLLECTION SYSTEM Figure 4 - 4 
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LOCATION OF COVER MATERIAL SAMPLES Figure 4 - 5 
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LABORATORY COMPACTION TEST RESULTS -
COVER MATERIAL 60% Sand (S-3): 40% Clayey Silt 
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PROPOSED GROUNDWATER 
MONITOR WELL LOCATIONS Figure 5-1 
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GROUNDWATER MONITOR WELL INSTALLATION Figure 5 -2 
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PROPOSED METHANE GAS 
MONITOR WELL LOCATIONS Figure 5 - 3 
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METHANE GAS MONITOR WELL INSTALLATION Figure 5 - 4 
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1.0 INTRODUCTION 

1.1 GENERAL SITE DESCRIPTION 

The City of Seattle is currently operating a municipal landfill 

known as the Kent Highlands landfill. The Kent Highlands 

landfill which has been in operation since July, 1968 is located 

approximately 16 miles south of downtown Seattle and approxi­

mately one-half mile east of the Midway interchange on Interstate 

5 (see Figure 1-1). The landfill covers an area of approximately 

50 acres and is situated in a small ravine tributary to the Green 

River. 

Previous investigations indicate that the natural ground beneath 

the landfill was poorly drained and swampy prior to filling. A 

small stream flowed through the ravine, fed by springs along the 

foot of the northern slope and by surface runoff. 

The entire site has been covered with fill with current 

operations taking place in the south-central portion of the area. 

Filling operations on the eastern portion have ceased and the 

area has been benched with approximately 15 ft terraces, graded 

to an overall slope angle of approximately 4 horizontal to 1 

vertical and revegetated with grass. 

The daily operation consists of waste being hauled in trucks from 

the City of Kent and the City of Seattle. The trucks are 

unloaded and the waste is then spread by a tractor equipped with 

special 'sheeps foot" type wheels to increase compaction. Soil 

from the area immediately north of the ravine is hauled in by 

scraper and used daily as cover material over the freshly dumped 

refuse. 
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1.2 PURPOSE AND SCOPE 

Prior to this study numerous investigations concerning the 

geological and hydrological conditions at the Kent Highlands 

landfill had been conducted. The purpose of this investigation 

was to assemble all available information and ascertain the 

feasibility of possible closure system elements. Specific 

objectives were to: 

1) Review the geologic and hydrologic conditions beneath 

and adjacent to the landfill; 

2) Analyze the geological and hydrological conditions in 

order to determine the feasibility of various closure 

system design elements; 

3) Assess the performance of the existing leachate 

collection system; 

4) Address the following elements for a closure system 

design 

o surface water management 

o leachate/groundwater management 

o methane gas management 

o cover design; 

5) Provide conceptual geotechnical design details for the 

proposed elements; 

, 6) Recommend a long term performance monitoring system. 
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This investigation included a review of existing data, field and 

laboratory investigations of the site and of potential borrow 

materials, and an engineering analysis of the data to provide 

designs of various elements of conceptual closure systems. 

This study only addresses the geotechnical and hydrological 

aspects of a closure system. Detailed studies which would be 

required to assess the extent of potential contamination beyond 

the immediate landfill area and predict future contaminant 

migration were beyond the scope of this work, as was the design 

of measures to mitigate any existing contamination beyond the 

limits of the landfill. 
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2.0 INVESTIGATION PROGRAM 

2.1 REVIEW OF EXISTING DATA 

A comprehensive review of existing information pertaining to the 

Kent Highlands site was undertaken. Included was: 

o previous geologic and hydrologic investigations; 

o aerial photographs and topographic maps of the site; 

o monitoring records for pneumatic piezometers, 

slope indicators, and existing wells; 

o construction drawings for installation of the toe 

buttress and the leachate collection system. 

A complete list of all documents reviewed is contained in 

Appendix A. Pertinent data from these documents is discussed in 

this report. 

2.2 FIELD INVESTIGATIONS 

Based upon i n f o r m a t i o n from p r e v i o u s i n v e s t i g a t i o n s a t K e n t 
H i g h l a n d s , no f u r t h e r d r i l l i n g t o d e t e r m i n e g e o l o g i c and 
h y d r o l o g i c i n f o r m a t i o n was d e e m e d n e c e s s a r y . F i e l d 
i n v e s t i g a t i o n s were conducted t o i d e n t i f y e x i s t i n g f a c i l i t i e s , 
map the occur rence of su r f ace wa te r , o b t a i n f i e l d wa te r q u a l i t y 
samples , measure water l e v e l s , measure methane gas l e v e l s , and 
i d e n t i f y p o s s i b l e sources of f i n a l cover m a t e r i a l . These i t ems 
a r e d i s c u s s e d i n d i v i d u a l l y below. 
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2.2.1 Surface Water Mapping 

Surface water occur rence was mapped on January 27, 1982. The 
loca t ions of seeps and ponded water in and around the l a n d f i l l 
were also iden t i f i ed . Water leve ls of ponds in the proximity of 
the l a n d f i l l were l a t e r surveyed. Surface water occurrence i s 
shown on Figure 2 - 1 . 

2.2.2 Surface and Groundwater Sampling and Testing 

Between the d a t e s of January 27 , 1982 and A p r i l 8 , 1982 a l l 
p i e z o m e t e r s , t e s t wel l s and moni to r w e l l s i n s t a l l e d d u r i n g 
previous inves t iga t ions (see Figure 2-1) were loca ted and water 
leve l measurements were taken. 

Field water q u a l i t y t e s t s were conducted in a l l monitor wel l s 
using a downhole probe. The water was analyzed for ba s i c f i e l d 
water q u a l i t y parameters inc lud ing t empera tu re , s a l i n i t y and 
c o n d u c t i v i t y . A f i e l d w a t e r q u a l i t y sample from TW-2 was 
obtained with a nitrogen sampler and analyzed. Basic f ield water 
qua l i t y t e s t s were also conducted in surface water ponds p resen t 
a t the time of the f ie ld study. 

The r e s u l t s of a l l f i e l d water q u a l i t y t e s t s a r e l i s t e d in 
Appendix-C. No l a b o r a t o r y water q u a l i t y a n a l y s e s have been 
completed to da te . 

2 .2 .3 Methane Gas Monitoring 

The presence of methane gas was t e s t e d for in a l l p iezomete r s , 
t e s t we l l s , and monitor wells tha t were access ib le . Resu l t s are 
presented in Appendix C. 
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2.2.4 Surveying 

The City of Seattle provided services to survey the locations and 

elevations of all piezometers, test wells, monitor wells, and 

surface water ponds at the Kent Highlands site. Results are 

presented in Appendix C. 

2.3 COVER MATERIAL SEARCH 

An investigation was undertaken to determine potential sources of 

fine sand, silt or clay which could be used separately or 

combined with other granular materials to form a suitable final 

cover. A number of City, County and State offices were contacted 

concerning possible sources of final cover materials. A complete 

list of the people and offices that were contacted as well as any 

information that was obtained is presented in Appendix D. 

2.4 LABORATORY INVESTIGATION 

A l a b o r a t o r y i n v e s t i g a t i o n was conducted t o a s c e r t a i n t h e b a s i c 

g e o t e c h n i c a l and h y d r o l o g i c p r o p e r t i e s of t h e p o t e n t i a l cove r 

m a t e r i a l s . 

Laboratory t e s t s conducted included the fo l lowing: 

o g r a d a t i o n 

o compaction 

o natural moisture content 

o permeability 

Procedures for individual t es t s are identical to those described 
in P a r t I of t h i s r e p o r t . The r e s u l t s of the l a b o r a t o r y 
investigation, are presented in Section 3.0. 
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3.0 GEOLOGIC AND HYDROLOGIC CONDITIONS 

3.1 GEOLOGY 

3.1.1 Regional 

The geographic features in southwestern King County are a result 

of the Vashon glaciation. The steep sloped ravine, in which the 

Kent Highlands landfill is located, is a stream erosion feature 

cut into the bluffs along the west side of the Green River 

Valley. The lower portions of these bluffs consist of kame 

terrace deposits of silty sands and gravels which were deposited 

alongside earlier formations. West of the kame terrace deposit, 

the surface is covered by a ground moraine underlain by glacial 

drift deposits consisting generally of dense silty sand with 

varying amounts of gravel. 

3.1.2 Site Specific 

The site specific geologic conditions in the vicinity of the Kent 

Highlands landfill were determined from review of previous 

investigations of the site. 

Generally, in the upper portions of the ravine the stratigraphy 

consists of landfill materials overlying glacial drift deposits 

of fine to medium silty sand to sandy gravel. Underneath these 

glacial deposits are stream and/or lake deposits which consist of 

clay and silt to fine sand. Underlying the majority of the 

landfill is clayey silt with fine sand seams and gravelly clay 

and silt. Exposed in the upper portion of the ravine along the 

south wall is a hard stratified silt. In the ravine bottom are 

recent deposits of loose sand containing organic matter. At the 

mouth of the ravine a deposit of peat, containing lenses of sand, 

blankets the bottom to a depth of iapprox imate ly sixteen feet. 
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F i g u r e 3-1 shows t h r e e c r o s s s e c t i o n s t h r o u g h t h e l a n d f i l l . 
These s e c t i o n s have been drawn t o i n t e r s e c t s e v e r a l of t h e 
e x p l o r a t i o n l o c a t i o n s and g e n e r a l l y i n d i c a t e t h e major g e o l o g i c 
f e a t u r e s occu r r i ng a t t he l a n d f i l l . 

To i n s u r e the s t a b i l i t y of t h e e a s t e r n s l o p e of t h e l a n d f i l l a 
r o c k f i l l e d toe b u t t r e s s was c o n s t r u c t e d to i nc rea se t h e s h e a r i n g 
r e s i s t a n c e a t t h e t o e and p r o v i d e d r a i n a g e of g r o u n d w a t e r / 
l e a c h a t e out of the l a n d f i l l . 

P iezometers were p laced in the pea t depos i t loca ted in t h e lower 

p o r t i o n of the r av ine t o monitor the c o n s o l i d a t i o n of the peat as 

t h e f i l l i n g o p e r a t i o n p r o c e e d e d . S lope i n d i c a t o r c a s i n g was 

i n s t a l l e d a t two p o i n t s down-slope of the toe b u t t r e s s to monitor 

any s lope movements which would i n d i c a t e t h e i n i t i a t i o n of any 

s l o p e i n s t a b i l i t y . 

Data from t h e s e i n s t a l l a t i o n s has been r e v i e w e d . P i e z o m e t e r s 
have not shown any excess ive pore p r e s s u r e b u i l d up in t h e p e a t 
d e p o s i t s a l though a g radua l r i s e in t h e p i e z o m e t r i c l e v e l s has 
occur red which i s be l i eved t o he a r e s u l t of i n c r e a s e d l e a c h a t e 
l e v e l s w i th in the l a n d f i l l . Monitoring of s lope i n d i c a t o r casing 
has not i n d i c a t e d any d isp lacement s i nce i n s t a l l a t i o n . 

3.2 SURFACE WATER 

3 .2 .1 Regional 

F igure 3-2 shows the ground su r f ace c o n t o u r s in t h e v i c i n i t y of 
t h e Kent H i g h l a n d s l a n d f i l l . The dashed l i n e i n d i c a t e s t h e 
approximate d r a i n a g e d i v i d e be tween t h e Green R i v e r and Puget 
Sound. Sur face w a t e r f a l l i n g on t h e Kent H i g h l a n d s s i t e w i l l 
flow i n t o the Green R ive r . 
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3 . 2 . 2 S i t e S p e c i f i c 

F igure 3-3 i l l u s t r a t e s e x i s t i n g su r face water f a c i l i t i e s a t Kent 
H i g h l a n d s . O f f s i t e s u r f a c e w a t e r o r i g i n a t i n g w e s t of t h e 
l a n d f i l l i s c o l l e c t e d in a storm d ra inage l i n e t h a t r o u t e s wa te r 
around the south s ide of the l a n d f i l l t o a s e t t l i n g pond in t h e 
v a l l e y f loo r ad jacen t t o the Green R ive r . O f f s i t e s u r f a c e wa te r 
from nor th of the s i t e i s c o l l e c t e d in o n s i t e s e t t l e m e n t ponds 
and e v e n t u a l l y d i s c h a r g e s i n t o the Green R i v e r . O n s i t e s u r f a c e 
water i s conduc ted t h r o u g h v a r i o u s l i n e d and u n l i n e d c h a n n e l s 
i n t o one of t h r e e s e t t l e m e n t ponds. From the s e t t l e m e n t ponds i t 
i s a l s o d i scharged i n t o the Green R i v e r . 

F i e l d water q u a l i t y t e s t s were c o n d u c t e d in t h e s u r f a c e wa te r 
s e t t l e m e n t ponds , the un-named c r e e k and t h e Green R i v e r . The 
r e s u l t s of a l l f i e l d c o n d u c t i v i t y t e s t s are shown in F i g u r e 3-4 ̂  
Conduc t iv i t y r ead ings for u n c o n t a m i n a t e d s u r f a c e w a t e r in t h i s 
a r e a a r e p r o b a b l y in t h e r a n g e of 100 t o 300 u m h o s / c m , w i t h 
r e a d i n g s g r e a t e r than t h i s i n d i c a t i n g l e acha t e contaminat ion . 

As can be seen i n F i g u r e 3 - 4 , l e a c h a t e c o n t a m i n a t i o n has been 
noted in the su r face water ponds and dra inage courses e a s t of the 
t o e b u t t r e s s . According to c i t y o f f i c i a l s , t h i s contaminat ion i s 
t h o u g h t t o be a r e s u l t of l e a c h a t e m i g r a t i o n p r i o r t o t h e 
c o n s t r u c t i o n of t h e toe b u t t r e s s and s e t t l emen t ponds . L e a c h a t e 
seeps near the su r face of the l a n d f i l l a l s o probaly c o n t r i b u t e to 
t h e contaminat ion of su r face water d r a i n i n g off of the s i t e . 

3 .3 GROUNDWATER 

3 . 3 . 1 Regional 

Approximate contours of the r e g i o n a l groundwater t a b l e a r e shown 

in F igure 3 - 5 . These con tours were cons t ruc ted from s t a t i c water 
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levels of various wells in the area reported in Water Supply 

Bulletin No. 28 (Luzier, 1969). Water levels were obtained from 

drillers logs and were measured over a period of years from 

various depths and aquifer horizons resulting in significant 

scatter in the readings. Non-representative readings may also 

have resulted from water level measurements taken shortly after 

wells were pumped which could account for some of the areas of 

localized depression of the groundwater contours. In general, the 

groundwater contours follow the same pattern as the ground 

surface contours. Regional groundwater contours indicate that 

there is a groundwater mound north of the Kent Highlands landfill 

from which water is flowing out in all directions. The landfill 

is located on the east side of this mound and groundwater is 

flowing east through the site towards the Green River. 

3.3.2 Site Specific 

Static water level elevations in all piezometers, well points and 

monitor wells that were located during the field investigation 

were measured and are shown in Figure 3-6. Some piezometers and 

wells installed during previous studies were either not accessi­

ble or no longer exist. Water levels indicate that groundwater 

is flowing into the ravine and then towards the Green River. 

During operation of the landfill various facilities were 

constructed to control groundwater and leachate. These 

facilities are schematically shown in Figure 3-7. Investigations 

conducted prior to filling identified a zone of groundwater 

springs on the north side of the ravine near elevation 100 feet. 

These springs are currently being intercepted by a system of 

drains and conducted in CMP culvert to a leachate treatment pond. 

Groundwater/leachate within the landfill material is being 

collected by various leachate collection lines, generally 
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constructed of 4 inch corrugated ABS plastic drain pipe, located 

within the landfill. These lines are not indicated on Figure 3-7 

because their location and condition are not known. Additional 

lines are placed during the filling operation to intercept and 

collect leachate seeps once they appear at the surface. 

The toe buttress drain collects groundwater/leachate which is 

pumped into the leachate treatment pond. Currently a small pond 

located just below the toe drain is collecting surface water 

flowing off the landfill which contains leachate. There is some 

indication that small quantities of leachate may be bypassing the 

toe drain and also entering this small pond. These seeps are 

apparently surficial and do not indicate leachate flow in 

groundwater bypassing the toe drain. Water collected in this 

pond is also being pumped into the leachate treatment pond. All 

water after primary treatment in t:he leachate treatment pond, is 

discharged into Metro sewer lines. 

Field water quality tests were conducted in all monitor wells 

located below the toe drain and on a sample obtained from TW-2 

located north of the fill. The results are presented in Appendix 

B and conductivity values are shown in Figure 3-8. Conductivity 

readings for uncontaminated groundwater in this area are in the 

range of 100 to 200 ymhos/cm based upon samples from TW-2 and the 

deep monitor wells. Readings over, this indicate possible 

leachate contamination. 

Monitor wells which are located downstream of t:he toe drain are 

constructed of 2-inch diameter PVC pipe with a 2-foot slotted 

tip. Each monitor well consisted of 3 pipes sealed into specific 

intervals with bentonite. Results indicate that leachate has 

only contaminated the near surface soils. This contamination 

probably occurred before the toe drain and buttress were 
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i n s t a l l e d . The l a n d f i l l had been in o p e r a t i o n a p p r o x i m a t e l y 11 
yea r s before these i n s t a l l a t i o n s were completed. Water l e v e l s in 
t h e m o n i t o r w e l l s i n d i c a t e t h a t t h e r e i s a p o s i t i v e g r a d i e n t 
towards the toe d r a i n from e a s t of the b u t t r e s s ( see Figure 3 - 1 ) . 
The t o e d r a i n s t h u s p r o v i d e a s i n k f o r t h e g r o u n d w a t e r and 
l e a c h a t e in t h e a r e a and s h o u l d p r e v e n t m i g r a t i o n of l e a c h a t e 
o u t s i d e of the l a n d f i l l along the e a s t e r n boundary. 

3.4 METHANE GAS 

The presence of methane gas was tested for in all piezometers, 

test wells and monitor wells that were accessible at the time of 

the field investigation. The presence of methane was detected in 

PZ-2 (shallow) and PZ-5 which had concentrations of 50% and 0.8%, 

respectively. All remaining sites indicated less than 0.1%. Gas 

migration is probably occurring in the medium to coarse-grained 

glacial drift deposits that are in contact with the landfill 

materials (see Figure 3-1). 

Various gas burners are located throughout the landfill to vent 

methane gas. In most cases they have been placed over leachate 

collection lines which also serve as methane collection lines. 

The burners generally consist of metal pipe approximately ,10 feet 

long with a wind shield at the top. Based on observations, there 

appears to be a fairly steady flow of gas from these burners. 
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4.0 ELEMENTS OF A CONCEPTUAL CLOSURE DESIGN 

4.1 REGULATORY REQUIREMENTS 

The specific regulatory requirements pertaining to the Kent 

Highlands landfill are the same as those for the Midway landfill 

presented in Part I of this report. 

The King County Health Department and the Washington Department 

of Ecology have enforcement power over the regulations. The 

various conceptual closure design elements and recommendations 

discussed below are intended to satisfy regulatory requirements 

concerning: 

o Surface water management 

o Leachate/groundwater management 

o Methane gas management 

o Final grade contours. 

The particular elements that are incorporated into the final 

closure system at the Kent Highlands landfill will depend on a 

number of factors including regulatory requirements, final land 

use and cost. 

4.2 SURFACE WATER MANAGEMENT 

Offsite surface water runoff is currently being conducted around 
the s i t e and into settlement ponds before i t is discharged into 
the Green River. Onsite surface water is also being conducted 
into settlement ponds before discharging into the Green River. 
The i n i t i a l conduc t iv i ty measurement of the sur face water 
indicates that i t is probably being contaminated with leachate . 
Contamination i s probably the r e s u l t of leachate seeps on the 
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surface of the landfill and surface runoff from areas of exposed 

refuse. After closure and placement of a final cover this 

contamination should not be a continuing problem provided the 

integrity of the cover is maintained. 

As part of the final closure plan, an effective surface water 

management system must be developed which provides adequate 

drainage and release of surface water and controls infiltration 

into the landfill. This will probably involve appropriate 

grading of the site to provide drainage and analyses to determine 

if existing retention facilities are adequate to handle the 

design storm runoff. Specific recommendations for surface water 

management will be presented in the final closure plan. 

The major geotechnical concern regarding surface water management 

is the control of infiltration into the landfill since this 

serves to generate leachate. Measures to control infiltration 

include contour grading of the site and placement of a soil 

cover. Details of these measures are discussed further in 

Section 4.4 and 4.5 respectively. 

4.3 LEACHATE/GROUNDWATER MANAGEMENT 

A leachate collection system is currently in operation at the 

Kent Highlands landfill consisting of the toe buttress drains, 

the spring drains and other leachate drains located beneath and 

in the fill. It is apparently intercepting most or all leachate 

which is being produced by the landfill. Field water quality 

tests and water level elevations indicate that the-spring drains 

are operating effectively in intercepting the spring water 

identified along the north side of the ravine. Due to poorly 

sealed joints or deterioration of the CMP line carrying the 

spring water, a small amount of leachate appears to be 

contaminating the water at some point along the line. 
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If the leachate collection system continues to operate in its 

current condition the major source of leachate after steady-state 

post-closure conditions have been reached will be surface water 

infiltrating through the cover. Various conceptual designs for 

the control of surface water infiltration and for insuring the 

long term performance of the existing leachate collection system 

are presented below. 

4.3.1 Soil Cover 

Placement of a cover is intended to restrict the quantity of 

surface water infiltrating into the landfill and thus reduce 

leachate production. As a minimum requirement, the landfill 

should be capped with 2 feet of compacted soil or equivalent. 

Generally, soil covers should consist of a relatively low 

permeability compacted soil layer overlain by topsoil and a 

vegetative cover. At the Kent Highland landfill, however, due to 

the existence of a leachate collection system, a low permeability 

cover may not be required. Placement of a permeable soil cover 

would result in greater long-term leachate production but if 

appropriate measures were taken to collect and treat the 

additional leachate, this may be a more attractive option than 

placement of a low permeability cover. The long-term leachate 

production with a permeable soil cover would probably be similar 

in volume to that currently being produced. In either case, the 

cover should be embedded at least 2 feet into the natural soils 

surrounding the landfill. In general, soils for a final cover 

should be chosen which retard infiltration, are resistant to wind 

and surface water erosion, are plastic enough to accommodate 

settlements with limited maintenance and are fertile enough to 

sustain vegetation. The specific design of a soil cover and 

availability of materials are addressed in Section 4.5. 
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4.3.2 Leachate Production 

A compacted soil cover will not provide a completely impermeable 

barrier to infiltration. Therefore, an estimate of infiltration 

through the cover into the landfill has been made to assess 

potential quantities of leachate production for various cover 

permeabilities. 

The hydrologic system existing after placement of a soil cover is 

conceptually shown in Figure 4-1. Water is provided to the 

landfill by precipitation and is lost by surface runoff, 

evapotranspiration and infiltration through the landfill into the 

groundwater. Water within the landfill will flow vertically 

until encountering low permeability layers within the fill itself 

or until it reaches the regional groundwater. 

A water balance method .was used to estimate infiltration, the 

details of which are provided in Appendix E. For the anticipated 

range of cover permeabilities, 10-5 to 10-7 cm/sec, the 

volume of annual infiltration through the cover ranges from 

approximately 28.75 to 1,3 acre-feet. 

The above quantities of leachate production are only estimates. 

Variations in cover characteristics, vegetation, precipitation 

and other factors will significantly affect the net quantity of 

leachate produced in the landfill. 

4.3.3 Leachate Collection 

The existing leachate collection system is considered to be 

adequate to control leachate produced in the landfill provided 

that the existing spring drains and leachate collection lines 

remain operational. It is our understanding that the spring 
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drain lines are constructed of 12-inch diameter CMP. The 

corrosive environment within the landfill will almost certainly 

cause the metal pipe to deteriorate. Field water quality tests 

indicate that at present a small amount of leachate may already 

be entering this pipe. Plugging or complete collapse of the 

spring drain line will increase seepage into the landfill thus 

producing more leachate. If the permeability of the landfill is 

low enough, a localized groundwater mound could form within the 

landfill material which might result: in leachate flowing 

northeastward, bypassing the leachate collection system. 

At this time it is not known whether the spring drains must 

remain functioning after closure to prevent leachate from 

bypassing the leachate collection system. One method of keeping 

them functional is to replace the existing spring drain line 

with a corrosive resistant line. This would require excavating 

through the fill to remove the old pipe and then replacing it 

with a thickwalled polyethelene pipe. During construction the 

spring drains would also be inspected to determine their 

condition. Based on the length and depth of the line, a large 

portion of the landfill materials would have to be excavated for 

the installation. Thus, it is not considered to he a practical 
or an economically attractive alternaitive. 

An alternative to replacing the existing line is to provide a 

groundwater monitoring system capable of detecting leachate 

buildup in the area which could cause bypassing of the collection 

system. If required, water could he pumped from wells located in 
fill adjacent to the spring drains thus preventing any leachate 

escape. As with the water collected from the spring drains, 

water pumped from these wells would have to be treated before 

being discharged. Figure 4-2 shows approximate locations of 

these monitoring wells. 
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Previous studies (Johnson and Kokita, 1976) have shown that 

intercepting these springs with pumped wells, before they enter 

the landfill, is not a practical alternative. An excessive 

number of wells and high pumping rates would be required to 

intercept the spring completely and it may result in leachate 

being drawn into the well due to the induced gradients towards 

the well. 

4.4 METHANE GAS MANAGEMENT 

The majority of methane gas generated by the landfill is venting 

to the atmosphere or being burned by gas burners located in the 

landfill. Some methane gas has been detected to be traveling to 

the west of the landfill within the glacial deposits that are in 

contact with the landfill. The methane gas management system 

roust address both types of migration. 

For the control of deep methane gas migration west of the 

landfill, a series of deep methane gas collection wells could be 

constructed within the permeable deposits in which the gas is 

migrating. The number and spacing of the wells would be 

dependent on further exploration and testing to determine the 

concentration and horizontal extent of the gas migration. 

Depending on the size and depths of these wells it may be 

necessary to apply a negative pressure to remove the gas. 

Por the control of gas venting at the surface of the landfill, a 

collection system incorporated into the cover is recommended. 

This would consist of a layer of permeable coarse granular 

material immediately under the final cover with a network of 

gravel trenches and collection pipes to conduct the gas to 

topographic highs where it could be burned, vented or collected 

(see Figure 4-3). It is important that if a low permeable final 
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cover is not used, that the granular material used to collect gas 

be at least 2 orders of magnitude more permeable than the cover. 

Otherwise gas may tend to migrate vertically up through the 

cover. 

Since final contours of the site have not been determined, 

existing contours have been used for the conceptual design. The 

only major change that would be required by a change in the 

contours would be that the collection points would be moved to 

the new topographic highs. Depending on the type of system and 

the number and location of vents/collection points, it may be 

necessary to apply negative pressure to remove the gas. 

An alternative methane collection system could consist of methane 

collection wells, drilled at sufficient spacing within the 

landfill to vent the build-up of methane beneath the cover. 

However, it is considered that these wells will not tolerate 

defletions to the extent that flexible pipe will, and thus 

long-term maintenance may be economically unattractive. 

We understand that studies are being conducted by representatives 

of the owner to determine the feasibility of collecting methane 

generated at the landfill for commercial use. These studies were 

not available for this report. The conceptual methane gas 

management system presented above centralizes the gas collection 

points and could possibly be incorporated into the commercial 

recovery system. However, significant changes may be required 

depending upon the final design of a commercial system. If 

commercial recovery is not utilized, then methane must be vented 

or burned in a controlled manner. 
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4 . 5 FINAL GRADE CONTOURS 

We understand discussions are currently taking place between the 

City of Seattle, the City of Kent and the landowners concerning 

the final contours of the site. Thus, in our analyses we have 

assumed that existing contours are representative of those at 

closure. 

Contour grading of the landfill is a simple and effective means 

for controlling surface infiltration. Grading the landfill to a 

profile of a maximum of 12 percent and a minimum of 6 percent 

with side slopes no steeper than 20 to 25 percent will allow 

surface water to drain from the site and will minimize 

infiltration (Tolman, 1978). If the minimum slopes are not 

compatible with the intended final land use, then subsurface 

drains may be required to control infiltration. The final 

surface configuration of the landfill should be designed to 

permit drainage even after settlement of the landfill (estimated 

to be up to 20 to 25%). It may be necessary to continually 

maintain the surface grade during the first 5 to 10 years after 

closure when the settlement will be greatest. 

Any final land use that is planned for the Kent Highlands 

landfill must accommodate the required contour grading of the 

site, the expected settlements, periodic maintainance and the 

methane gas control system. 

4.6 FINAL COVER DESIGN 

Various types of a r t i f i c i a l and natural material can he used as a 
f ina l cover ma te r i a l . Impermeable covers such as conc re t e , 
asphal t and s y n t h e t i c l i n e r s are very expensive and would 
typically only be required when the toxic i ty level of the waste 
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material is extremely dangerous to public health (Kastman, 1981). 

We recommend that the soil cover system consist of a moderate to 

low-permeability cover material which is overlain by topsoil and 

a vegetative cover. 

Details concerning selection and placement of a low permeability 

cover are discussed in Part I of this report. If a moderate 

permeability cover (on the order of 10-5 cm/sec) is used, 

similar requirements for thickness and compaction should be 

followed. 

Samples of material from the abandoned sand and gravel operation 

located just north of the Kent Highlands site were tested to 

determine their feasibility as a final cover. Test results are 

presented in Part I. Tests indicated permeability values around 

10~5 cm/sec. This would be unacceptable for a low 

permeability cover which is intended to reduce infiltration. 

However, at the Kent Highlands site this may not be a requirement 

and a material of this permeability may be acceptable. 
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5.0 MONITORING PROGRAM 

Recommendations for various monitoring programs at the Kent 
Highlands s i t e are given below. Monitoring of groundwater 
q u a l i t y , leachate leve ls and sett lement of the l a n d f i l l are 
discussed in de ta i l . Monitoring of surface water and methane gas 
will be addressed in more detai l in the closure plan. 

5.1 SURFACE WATER 

In general, surface water quality should be regularly monitored 

to determine if it is being adversely affected by the landfill 

after closure. Specific details of the monitoring program should 

be worked out with the Washington Department of Ecology (WDOE) 

and the Health Department. 

Surface water should be monitored at any location that it 

discharges from the site, namely the un-named creek (see Figure 

5-1). If initial monitoring indicates that leachate is present 

in the surface water at this point then additional points should 

be sampled to further pin-point the source of the leachate. 

It is expected that either quarterly or monthly sampling and 

analysis of surface water for basic leachate indicators will be 

sufficient. More complete chemical analysis may be required 

initially after closure and then on an annual or other basis. 

5.2 GROUNDWATER 

5.2,1 Regulatory Requirements 

The requlatory requirements governing groundwater monitoring at 

the Kent Highlands site are the same as those discussed in Part I 

for the Midway landfill. 
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To d a t e , e v i d e n c e i n d i c a t e s t h a t g r o u n d w a t e r e a s t of t h e t o e 

d r a i n and b u t t r e s s i s no t c o n t a m i n a t e d and t h a t n e a r - s u r f a c e 

con tamina t ion may be a r e s u l t of the c o n t a m i n a t i o n t h a t e x i s t e d 

be fore placement of t he t o e d r a i n . Legal r e s p o n s i b i l i t i e s and 

r e q u i r e m e n t s fo r m i t i g a t i o n of t h e e x i s t i n g l e a c h a t e a r e n o t 

c l e a r . This problem must u l t i m a t e l y be r e s o l v e d by d i s c u s s i o n 

be tween t h e C i t y of S e a t t l e and t h e a p p r o p r i a t e r e g u l a t o r y 

a g e n c i e s . I t i s expected t h a t moni tor ing of e x i s t i n g p o l l u t i o n 

w i l l be a minimum requ i r emen t . 

' 5 . 2 . 2 Monitor Well Locat ions 

WDOE s t a n d a r d s r e q u i r e a t l e a s t one u p g r a d i e n t and two down-
g r a d i e n t monitor w e l l s . Recommended l o c a t i o n s of mon i to r w e l l s 
a r e shown in Figure 5 -2 . This a r r ay w i l l provide u p g r a d i e n t and 
downgradient moni tor ing a t t he s i t e . The e x i s t i n g mon i to r w e l l s 
below t h e t o e d r a i n a r e i n c o r p o r a t e d i n t o t h i s s y s t e m . S i x 
a d d i t i o n a l monitor w e l l s a re recommended: one a p p r o x i m a t e l y 300 
f e e t wes t of t h e l a n d f i l l t o m o n i t o r u p g r a d i e n t q u a l i t y ; and 
t h r e e nor th and two s o u t h of t h e l a n d f i l l . More w e l l s may be 
r e q u i r e d in the fu tu re depending upon the da ta c o l l e c t e d from the 
t h r e e a d d i t i o n a l monitor w e l l s recommended h e r e i n . 

P iezometers and t e s t we l l s t h a t a re s t i l l e x i s t i n g from p r e v i o u s 

i n v e s t i g a t i o n s s h o u l d c o n t i n u e t o be m o n i t o r e d . T h e s e 

i n s t a l l a t i o n s w i l l p rov ide usefu l information p e r t a i n i n g to water 

l e v e l s around the s i t e . 

5.2,3 Monitor Well Construction 

Monitor wells should be constructed to comply with regulatory 

standards and guidelines including: 
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o Well casing and screen should be made of a relatively 

non-reactive material, PVC is generally acceptable, most 

metals are not; 

o PVC solvent or cement should not be used for plastic well 

casing and screen; 

o Wells should be drilled using air, water, or a 

biodegradable mud as the circulating fluid and properly 

developed to remove any contamination introduced during 

drilling; 

o The annulus of each well should be sealed to prevent 

surface water inflow; 

o The top of each well should be equipped with a locking 

cover. 

Wells at dangerous waste sites are required to be a minimum of 4 

inches in diameter to allow easy sample collection. Size 

requirements at municipal landfills are uncertain. The WDOE has 

indicated that smaller wells (e.g., 2-inch) may be acceptable if 

devices are provided which can sample small diameter wells. A 

schematic of a typical monitor well is shown in Figure 5-3. 

Proposed methods of monitor well construction should be approved . 

by the WDOE before wells are actually installed. 

5.2.4 Water Sampling and Analysis 

Water samples can be taken by bailing or pumping the monitor 

wells. The sampling device should be thoroughly cleaned before 

use and should be constructed of materials which will not 

chemically alter the sample. 
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P r i o r to c o l l e c t i n g a water sample, a minimum of t h r e e we l l 
volumes of water should be removed frbm the well . If the well i s 
in low yield ma te r i a l s , i t i s g e n e r a l l y s u f f i c i e n t to pump the 
well dry once and l e t i t r e f i l l before col lec t ing the sample. As 
water i s removed from the well i t s temperature, conduc t iv i ty and 
pH should be checked p e r i o d i c a l l y . These p a r a m e t e r s should 
s t a b i l i z e before co l lec t ing a sample. 

Sampling procedures should be es tabl ished in cooperation with the 
laboratory responsible for the chemical ana lys i s . General ly the 
laboratory can provide sample bo t t l e s with preserva t ives a l ready 
added. Chemical analyses should be conducted by an EPA ce r t i f i ed 
l abora to ry . 

Semi-annual sampling of monitor w e l l s shou ld be s u f f i c i e n t 
although a f inal determination of sample frequency should be made 
in coordination with the WDOE. 

I t i s recommended tha t i n i t i a l l y , a complete chemical analysis of 
each well be made which w i l l e s t a b l i s h c o n d i t i o n s a t c l o s u r e . 
T h e r e a f t e r i t should be s u f f i c i e n t to analyze only for major 
leachate i nd ica to r s . If s ign i f i can t increases in i n d i c a t o r s are 
noted more complete analysis may he r equ i r ed . A r e p r e s e n t a t i v e 
l i s t of chemical cons t i tuents is given in Table 5 - 1 . The f i n a l 
l i s t should be developed in cooperation with WDOE. 
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Table 5-1 
Recommended Groundwater Analysis 

1. Parameters Analyzed Semiannually 

Temperature Chloride 
pH Iron 
Conductivity COD 
Color TDS 

Turbidity TSS 

2. Additional Parameters Analyzed Initially 

Hardness Arsenic TOC 
Alkalinity Barium BOD 
Acidity Cadmium *Chlorinated Hydrocarbons 
Phosphate Chromium **Chlorophenoxys 
Sulfate Copper 
Ammonia as N Lead 
Nitrate as N Manganese 
Nitrite as N Mercury 
Sodium Selenium 
Fluoride Silver 
Calcium Zinc 
Odor Cyanide 
Potassium Foaming Agents 
Magnesium 

* Endrin, Lindane, Methoxychlor, Toxaphene 
** 2,4-D, 2,4,5-TP Silver 

5.3 METHANE GAS 

The EPA In t h e i r C r i t e r i a for Class i f i ca t ion of Solid Waste 
Disposal F a c i l i t i e s (FR September 13, 1979) s t a t e t h a t the 
concentration of explosive gases should not exceed: 

o Twenty-five percent of the lower explosive l imit for 
gases in fac i l i ty structures (excluding gas control or 
recovery systems); 
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o The lower e x p l o s i v e l i m i t f o r g a s e s i n s o i l a t t h e 
p r o p e r t y b o u n d a r y . (The l o w e r e x p l o s i v e l i m i t f o r 
methane gas in a i r i s about 4 pe rcen t by volume.) 

These a re c r i t e r i a no t r e g u l a t i o n s , and t h u s a r e no t s p e c i f i c 

r e q u i r e m e n t s f o r a c l o s u r e s y s t e m . The c l o s u r e s y s t e m w i l l 

i n c o r p o r a t e a methane gas c o l l e c t i o n and management sys tem which 

w i l l be des igned to prevent o f f s i t e migra t ion through the ground. 

However, i t i s no t p o s s i b l e t o g u a r a n t e e TOO p e r c e n t methane 

c o l l e c t i o n , thus a gas moni tor ing system shbuld be e s t a b l i s h e d . 

F igure 5-4 shows p o s s i b l e l o c a t i o n s of a gas monitor wel l s around 
t h e p e r i p h e r y of t h e s i t e . F i g u r e 5 -5 shows a t y p i c a l g a s 
monitor well d e s i g n . Any f i n a l d e s i g n s fo r a gas m o n i t o r we l l 
s y s t e m s h o u l d be d e v e l o p e d in c o o p e r a t i o n wi th WDOE and t h e 
Heal th Department . 

5.4 SETTLEMENT 

Decomposition and c o n s o l i d a t i o n of t h e l a n d f i l l w i l l r e s u l t in 
s i g n i f i c a n t s e t t l e m e n t s . I t i s no t p o s s i b l e t o p r e d i c t t h e 
amount of s e t t l e m e n t beforehand. However i t i s useful to monitor 
s e t t l e m e n t in o rder t o m i t i g a t e adverse a f f e c t s (such as a l t e r e d 
s u r f a c e d r a i n a g e , c rack ing of cover m a t e r i a l ) and to p r o j e c t long 
term t r e n d s . 

An annual a e r i a l t o p o g r a p h i c s u r v e y would p r o v i d e t h e d e s i r e d 

in fo rma t ion . I f annual a e r i a l s u r v e y s a r e no t p r a c t i c l due t o 

c o s t or o t h e r c o n s i d e r a t i o n s , s e t t l e m e n t shou ld be m o n i t o r e d by 

s e t t i n g up a p p r o x i m a t e l y 12 m o n i t o r s t a t i o n s on t h e l a n d f i l l . 

Loca t ions should be chosen once f i n a l c o n t o u r s and l a n d u s e a r e 

de t e rmined . Each s t a t i o n would t y p i c a l l y c o n s i s t of a 2 f o o t by 
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2 foot steel-reinforced concrete block, about 12 inches thick and 

buried at least several inches into the ground. The elevations of 

each station should be surveyed at least once a year. 
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The stratigraphy at the Kent Highlands s i te consists of 
the l a n d f i l l mater ia ls under la in by g l a c i a l d r i f t 
deposits of sand to grave l . These are underlain by 
stream/lake sediments of clay and s i l t to clean fine 
sand. Exposed on the south bank of the ravine in which 
the landfil l is located is a s t r a t i f i e d s i l t which is 
believed to underlie most of the s i t e . At the toe of 
the landfi l l there are fine sand deposi ts underlying 
peat deposits. 

The groundwater table i s sloping down from the west 
towards the Green River. Prior to the l a n d f i l l , seeps 
were observed on the nor th bank at approximately 
elevation 100. Below this elevation the groundwater is 
very c lo se to the p r e - l a n d f i l l ground s u r f a c e . 
Groundwater north and south of the landfi l l i s flowing 
towards the center of the ravine. 

High concentrations of methane gas were ident i f ied in 
coarse-grained g l ac i a l deposi ts which are in contact 
with the l a n d f i l l along i t s western perimeter. The 
extent of gas migration out of the landfil l to the west 
is not known. 

Offsi te surface water is cu r r en t ly being d ive r t ed 
around the s i t e . Onsi te sur face water i s be ing 
conducted into settlement ponds before discharging into 
the Geen River. 
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Groundwater/leachate is being col lected by a leachate 
collection system within the l and f i l l and by a drain 
placed in the toe buttress located at the base of the 
eas tern slope of the l a n d f i l l . Springs which once 
entered the ravine on the northern slope are being 
collected and conducted by pipes to a leachate t r e a t ­
ment pond. This pond a l s o accep t s the l e a c h a t e 
collected in the leachate collection system and the toe 
drain. The water in the treatment pond is subjected to 
primary treatment and then discharged into Metro sewer 
l ines . 

Following closure, the landfil l should be capped with a 
moderate to low permeability cover to reduce leachate 
production and to control methane migration. A methane 
collection system should be incorporated into the so i l 
cover design. Recommendations for the design of these 
systems are presented in Sections 4.3 and 4,5. 

The existing groundwater/leachate collection system and 
the spring drain co l lec t ion system at. the Kent High­
lands l a n d f i l l are current ly operating adequa te ly . 
However, long-term performance of the system, pa r t i cu ­
l a r l y the spring drains i s u n c e r t a i n . Conceptual 
recommendations to insure that the exis t ing systems 
continue to operate effectively (presented in Section 
4.2) include replacement of the spr ing d ra in l i n e 
and/or the placement of monitoring wells to monitor 
water l eve l s adjacent to the spring d ra ins and the 
spring drain line and continued monitoring of the toe 
drain. 
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8. A long term monitoring program should be implemented 
which includes p e r i o d i c chemical a n a l y s i s of surface 
water and groundwater which exi t the s i t e . Monitoring 
s h o u l d a l s o i n c l u d e m e t h a n e g a s m i g r a t i o n and 
s e t t l e m e n t of the l a n d f i l l . A suggested monitoring 
plan and schedule are presented in Section 5.0. 

9 . Depending on the v a r i o u s c losu re elements t h a t a re 
i n c o r p o r a t e d i n t o t h e f i n a l d e s i g n , a d d i t i o n a l 
evaluat ions may be required including: 

o Further assessment of gas migration; 

o Permeability characteristics of landfill materials; 

o Further testing of potential cover materials; 

o Laboratory water quality analysis. 

Respectfully submitted, 

GOLDER ASSOCIATES 

Charles W. Lockhart 

Jerry Rowe 

. .Bi«> - » . I E Golder Associates i^i^/«s.t i 
ft /r^ r " r?-



32 

REFERENCES 

Brunner, Dirk R. and Daniel J. Keller, 1972, Sanitary Landfill 
Design and Operation, U.S. Environmental Protection Agency. 
SE-287. 

Environmental Protection Agency, 1979. National Secondary 
Drinking Water Regulations. Federal Register, Vol, 44, No. 
140. 

Environmental Protection Agency, 1979. Criteria for Classifica­
tion of Solid Waste Disposal Facilities and Practices; 
Final, Interim Final, and Proposed Regulations, Federal 
Register, Vol. 44, No. 179. 

Environmental Protection Agency, 1975 and 1976. National Interim 
Primary Drinking Water Regulations. Federal Register, Vol. 
40, No. 248 and Vol. 41, No. 133. 

Head, K.H., 1980. Manual of Soil Laboratory Testing, Vol. 1, 
Pentech Press. 

Kastman, Kenneth H., 1981, Remedial Actions for Waste Disposal 
Sites, Fourth Annual Madison Conference of Applied Research 
and Practice on Municipal and Industrial Waste, pp, 1i31-150. 
Madison WI., Department of Engineering and Applied Sciences 
Unviersity of Wisconsin r- Extension. 

King County Board of Health. Rules and Regulations Establishing 
Minimum Functional Standards for Solid Waste Handling; 
Prohibiting Certain Conduct. Seattle, WA, KCBH. 

King County Department of Public Works, Division of Hydraulics, 
May, 1979. Storm Drainage Control; Requirements and 
Guidelines. Seattle, WA, KCDPW. 

Lambe, T.W., 1951, Soil Testing for Engineers, New York, N.Y. , 
John Wiley and Sons, Inc. 

Lutton, R.J., et al., 1979. Design and Construction of Covers 
for Solid Waste Landfills. U.S. Environmental Protection 
Agency. EPA-600/2-79-165. 

Luzier, J.B,, 1969, Geology and Groundwater Resources of 
Southwestern King County, Washington, Department of Water 
Resources, Olympia, Washington, 

Golder Associates 



33 
Richardson, J ,W, , Bingham J ,W, , and Madison, R.W. , 1968 . Water 

Resources of King County. U.S .G.S . Water Supply Paper 1852, 
U .S . Government P r i n t i n g O f f i c e , Washington D.C. 

Snyder , D.E . , P . S . Gale and R .F . P r i n g l e , 1973. S o i l Survey King 
County Area, Washington, U.S . Department of Agr i cu l t u r e S o i l 
C o n s e r v a t i o n S e r v i c e i n C o o p e r a t i o n w i t h W a s h i n g t o n 
A g r i c u l t u r a l Exper imental S t a t i o n . 

Tolman, Andrews L . , e t a l . , 1978. Guidance Manual for Minimizing 
P o l l u t i o n from Waste D i s p o s a l S i t e s , U . S . E n v i r o n m e n t a l 
P r o t e c t i o n Agency. EPA-600/2-78-142. 

Wash ing ton S t a t e , 1 2 / 3 1 / 7 2 . Washing ton A d m i n s t r a t i o n C o d e , 
R e g u l a t i o n s R e l a t i n g t o Minimum F u n c t i o n a l S t a n d a r d s fo r 
S o l i d Waste Handl ing , Chapter 173-301. 

Golder Associates U l v A . r I 



LOCATION P L A N - KENT HIGHLANDS LANDFILL Figure 1-1 

n 
•m 

ii 

1N^ 

Scale, mllaa 

OoMer Associates 



UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 
REGIONIO 

1200 SIXTH AVENUE 
SEATTLE, WA 98101 

TARGET SHEET 

The following document was NOT imaged BUT IN PARTS. 
This is due to the Original being: 

X Oversized 

CD Rom 

Computer Disk 

Video Tape 

Other: 

'*A copy of the document may be requested from the Superfund Records Center. 

^Document Information* 

Document ID #: 1007255 

File#: -̂̂  

SiteName: ^WLSF 

FIG 2.1 



juMmti ' . 

B - 1 9 O Borings and Test Pits by Shannon & Wilson, 1969 

T H - 2 0 Borings and Test Borings and Test Weljs by Johnson and Kokita, 1976 

P Z - 4 Q Borings, Piezometers, and Test Wells by Robinson and Noble, Inc., 1977 

B - 4 J ^ Borings by Shannon & Wilson, 1966 

T H - 2 A Borings by Shannon & Wilson, 1976 

i M W - 1 • Monitor Wells, City of Seattle, 1979 

A ^ Cross Section Lines 

\ 
\ 

\ 

' i_^ 
Surface Water 

'•tUatSK. 

100 200 300 

(X 

Scale, feet 

I-

\^* 
/ 

-Refere«e«: ta l (en^#om topo of Kent-Highlands Landf i l l 'S i te , provided by City of Seatt le Engineering Department. Pro ject 8 2 - 6 1 6 4 , Sheet 
l i l i l i i t i 





UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 
REGIONIO 

1200 SIXTH AVENUE 
SEATTLE, WA 98101 

TARGET SHEET 

The following document was NOT imaged BUT IN PARTS. 
This is due to the Original being: 

X Oversized 

CD Rom 

Computer Disk 

Video Tape 

Other: 

**A copy of the document may be requested from the Superfund Records Center. 

*Document Information* 

Document ID #: . 1007255 

File#: ^'^ 

SiteName: ^WLSF 

FIG 3.1 



KENT HIGHLAND LANDFILL 
CROSS SECTIONS A-A ' , B-B' & C - C Figure 3 -1 

A ' 

P Z - 6 * 

4+00 

I 
4-t-OO 

p j _ 1 * * 

P T - 2 * * B - 1 9 * * * 
B - 2 0 * * * B - 1 8 * * * 

-1 300 

B - 5 * * * 
MW-1 

200 

- 100 

5+00 

I 

6 + 00 
I 

7+00 8+00 9 + 00 
I 

10 + 00 

T W - 2 * * 

I 

11 + 00 12+00 

• H - 4 * * 

13+00 

B' 

I 

14+00 16+00 16 + 00 

I 

17+00 

I 

18+00 19+00 20+00 

I 

21 + 00 
I 

22 + 00 

I 

23 + 00 

I 

2 4 + 0 0 
I 

2 6 + 0 0 

I 

56 + 00 

- , 300 300 r-

PT-2 * * 

Un i t 3 a M / 

Fine SAND wit>i peat and organlca 

' • : A 

1 17 8 
1 - 2 7 - 8 2 ^ 

jmrnm 
^////.UrtW A: 

Unit 2a 
• ^ ' s . 

Unit 3b 

120.0 
1-27-82 

m mi ViX 

mwm mm^ '̂'A 
T>t*-? 

200 

100 

• 

1 
m 
> 
• 
Ul 

200 

100 

Projected 
p j - 3 * : | " T H - 1 * * 

27+00 23+00 

I I 

29+00 30+00 

LEGEND 

1 

31 + 00 
I 

32 + 00 

I 
33 + 00 

5+90 6+00 

I 

7 + 00 8 + 00 9 + 00 10 + 00 11+00 12+00 13+00 

I 

0 + 00 

300 Sur face of Fi l l , 1982 

200 

— • • • — Ground Surface, 1973 

Ground Surface, 1982 

Inferred Extent of Geologic Unite 

2 - 4 - 7 6 -« -

109.5 -*— 
Water Level E leva t ion ( f e e t ) , Date of Reading 

Un i t i C W ^ x ^ Landf i l l 

0^ tf^ 

T H ~ 1 Piezometer Completion 

Sealed Section 

Open Sect ion 

100 
• " . ' l . ' l " . . " * ^ 

Unit 2a & b 

1 + 00 2 + 00 a+oo 4+00 5 + 00 

I 
11+00 

100 

Scale ( fee t ) 

-J 0 

200 

ipra-'i':!*: 

— I I I I I I I 

Unit 5 
1 l l l l l LL-J 

a) S i l ty SANO wi th eome gravel to fine to medium SAND 
Glacial Dri f t 

b) Sandy Qi^AVEL to s i l ty SAND and GRAVEL 

a) CLAY and SILT to SILT, t race eand and gravel 
s t ream/Lake Sediments 

b) Clean fine SAND to s i l t y f ine to medium SAND, eome graval 

Clayey SILT with fine sand seams to g rave l l y CLAY and SILT 

S t ra t i f i ed SILT 

For loca t ion of c ross sec t i ons , aee Figure 2 - 1 . 

* Robinson and Noble, Inc.. 1977 * * Johnson and Kok i ta , 1976 * * * Shannon and Wi lson , 1969: No Piezometer Complet ion. 
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300 r-

C 200 

« 

c 
o 

a 
> 
iu 100 

0 1 -

P Z - 6 * 

153.3 mMm' 
..Unit. 2b. , , 

' / , CM ;:^ ^mvttmi 
to 
^ ^ : ; tTOBMWuJtor^^r 

Unit 3b 

jEPW 

P J _ 1 * * 

P T - 2 * * B-19*** 
B - 2 0 * * * B - 1 3 * * * 

Unit 3b B - 5 * * * 

/ / / / /AMxxW A' 
Fine SAND with peat and organics 

^'^^^^^OS^,^ 

u 

(L-

9) 

5 

{J 

300 

C 200 

« 

c 

> 

uJ 100 

0 " -

1 
0 + 00 

B 

I 

0 + 0 0 

1+00 2 + 00 

I 

Jl + 0 0 

3 + 00 4+00 6+00 6+00 

I 

7+00 8+00 9 + 00 10 + 00 

T W - 2 * * 

117 8 
1 -27-82 Ut^ 

Fine SAND w i th peat and organfce 

I 

11 + 00 

Unit 2a 

12+00 

T H - 4 * * 

>* 

X . 

Unit 3b 

120 0 
1 -27-82 

2+00 3 + 00 4+00 5+90 6+00 

I 

7 + 00 

mm' wm pttt^ lptr-7 

8 + 00 9+00 10 + 00 11+00 

I 
12+00 

SPECIAL NOTE: 
Data concern ing the varioua etrata 
have been obta ined at the exp lo ra t i on 
locat ione only . The so i l s t ra t i g raphy 
be tween theae locat ione has been 
In fe r red from geolog ica l evidence 
and eo may vary from that ahown. 

I 
13+00 

B' 
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13 + 00 

I 

14+00 
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15+00 

-1 300 300 r-

200 C 200 

«-
> 
o 

100 •" 100 -

- j Q 

I 

16+00 17 + 00 

I 

18+00 

I 

19+00 

I 

20+00 

I 

21+00 22 + 00 

I 

23 + 00 

I 

2 4 + 0 0 

I 
25+00 

I 
28 + 00 

I 

0 + 00 

Pro jec ted 
P T - 3 * * T H - 1 * * 

1+00 2+00 3+00 4+00 5+00 6+00 7+00 8 + 0 0 9+00 10+00 

0 

I 

27+00 

11+00 

100 

Scale ( fee t ) 

* Robineon and Noble, Inc.. 1977 * * Johnson and Kok i ta , 1976 * * ) | c Shannon and Wi lson, 1969: No Piezometer Complet ion. 
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Surface of Fl 

Ground Surfa 
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Inferred Exte 

2 - 4 - 7 6 -*-

109.5 •*— 
Water Level 

' • • • • . • • . • ' . • . ' • ' • . • ' • " , • 

Unit 2a & b 
' . ' . J i ' i ' "^ 

A Landfi l l 

Glacial Dri f t 

: . • • • • • • • • V - - . . . - ' . ! : • • • : ; . . . • . . - . . . • • • \ - ; ' : : ; - - : • • -

st ream/Lake 

Clayey SILT \ 

S t ra t i f i ed SII 

For locat ion of cross sec t ions , see I 

I I I I I I I 
Unit 5 
l l l l l " 



GROUND SURFACE CONTOURS Figure 3-2 
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SURFACE WATER DRAINAGE Figure 3 -3 

ih \V l ^ 1 \ \ ( \ X > 
\jf' ^ v - * 1^*^, 

^ ^w^A r . 

Oreen River 

^Un-named 
CCreeit 
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CONDUCTIVITY SURVEY - SURFACE WATER Figure 3 - 4 

J 
l o : 

i 
« 

i ^ 
1." 

t=r ^ 

SP -Sur face Fond 

SS -Sur face Stream 

TP -Trsatment Pond 

• R - O r « « n River 

S70-Conductivi ty jHmltos/cm 
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QROUNDWATER ELEVATIONS Figure 3 - 6 

LEGEND 

O PZ-1 Piezometer Number 

• MW-1 Monitor Weli Number 

O TW-2 Test Well Number 

0 soo 

•cal*. faat 

Aroundwator Ei«vat iof i ( f t ) / Compiotion Ei«vation(ft) 

o -

rt 
T 
1A 

M - 2 a - 1 5 3 . 3 / 2 5 . 3 
b-197.3/M5.3 

K - 3 a - l t 4 . 2 / 4 8 . 2 
b 5 l i 2 . 2 / 3 9 , ^ 

r s -4 a-23«.2/80.8 

PZ-5 229.5/79.0 

TH-1 1 2 7 . 9 / 5 8 . 4 

m - 4 1 2 0 . 2 / 5 3 . 5 

- t 1» -2 - l 17vB/4 0 

NN-1 4 0 . 7 / 2 5 . 6 
4 1 . 4 / 1 5 . 1 
4 1 . 9 / 4 . 3 

-2 3 9 . 7 / 2 8 . 6 
3 9 . 3 / 1 4 . 8 
3 6 . 6 / - 0 . 5 

-3 3 6 . 2 / 2 3 . 5 
3 7 r 6 / 2 T 9 ~ 
3 4 . 0 / - 1 . 5 

-4 3 0 . 5 / 2 0 . 8 
3 2 . 2 / 1 1 . 6 
2 6 . 5 / - 5 , 4 

1-5 2 5 . 7 / 1 8 . 6 
2 4 . 3 / 1 0 . 1 
2 4 . 2 / - 3 . 4 
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SPRING DRAINS AND LEACHATE COLLECTION SYSTEM Figure 3 - 7 

— • — Leachate Collection 
System 

—•—•— Spring Drain Line 

— . Old Storm Water CoHection 
Pipe Now Acting as 
Loacliate Collector 

, - ̂ .. : .", Treatment 
^ •Vr--,\\ \Pond 

^^^-.J tt 

§ 0 0 

• ea l e . feat 
Meta: Cerrugatod ABS plaatic erainpipa 

far laachata and gaa eellaction not ahown. 
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CONDUCTIVITY SURVEY - GROUNDWATER Figure 3 -8 

•3 

O TW-2 Test Weli Number 

E] MW-2 Monitor Weil Number 

Conductivity (i imhos/cm) Completion Elevation ( f t ) 

(-1 240/25.6 
142/15.1 
130/4.3 

-4 610/20.8 
370/11.6 
110/-5.4 

e 
Z 

it 

MM-2 900/28.6 
240/14.8 
155/-0.5 

IW-3 700/23.5 
290/2.9 
130/-1.5 

ie t-5 920/18.6 
600 /10 .1 
170 / -3 .4 

Wf-2 110/80-40 
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SCHEMATIC OF POST CLOSURE HYDROLOGIC SYSTEM Figure 4 -1 
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PROPOSED SPRING DRAIN 
MONITOR WELL LOCATIONS Figure 4 -2 

0 ^ ^ soo 

•cala. feet 
^ - • - „ 
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METHANE GAS COLLECTION SYSTEM Figure 4 - 3 

Cross Soction D-D' 
Methane Oae CoSoct t i i Trench 

Pinal 
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e 
Z 

'K a 

Wall ttradad 
(1.0 ft ailn.) 

Oraval Filled Trench 
with Perforated Corrugated 
Flexible Plaatic Collection Pipe 

m t • • Saala 
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PROPOSED LOCATION OF SURFACE 
WATER MONITORING POINTS Figure 6 -1 

o 
I 

Green River 

- O — Storm Water Diversion 
CMP Pipe 

^ Proposed Surface Water 
Monitoring Locations 

S? 
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PROPOSED GROUNDWATER 
MONITOR WELL LOCATIONS Figure 5 - 2 

• / • • 

^ 
<»:! 

4 

4 

< 

K a 

Q Location of Existing 
ttroundwater Monitoring Wolls 

$ Proposed Locations of 
Additional Monitor Wells 
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GROUNDWATER MONITOR WELL INSTALLATION Figure 5 - 3 

M^A>>^A.'' 

a c 

.J 

i 

Bentonite seal 

Sand —» 

^ 

^ 

»< 
> 0 , 

e 
0 

Pea gravel - » , . o _ - ' , 

1 « 
7 « e 

I 

0 

/5^>!//>;J»^ 

e 0 

• 0 

Steel casing with locking cap 
/Af'^^y/'f 

Surface aeal 

'4 inch PVC - ail threaded couplings 

Steel casing to be pulled up ininimum 
of 10 ft above water table 

Slotted aeetlon of 4 Inch PVC 
(10 ft minimum) 

Not to Scale 
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f! 
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e 
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it 
B a 
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PROPOSED METHANE GAS 
MONITOR WELL LOCATIONS Figure 5 - 4 

^ 
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• I 
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LEGEND 

® Proposed Location* of 
Methane Qas Monitor Wells 
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METHANE GAS MONITOR WELL INSTALLATION Figure 5-5 

Paa Oraval 

• •n ton l te saal 

^ 

4 

I 

'^RAFT 

steel caalng with locking cap 

Typical Qas Weli Installation 

NOT TO SCALE 

S/4 Inch PVC pipe with elotted 
saction In aampie Interval 

•ot tom of hole eliould ba at or 
kaiow bottom of landfil l . 

t . Ttio borehole ahould be divided 
into 9 aqwal aectiona with 
ledlvidual alottad pipea located 
throughout each Interval. 

< 
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APPENDIX A 

DOCUMENTS OBTAINED FOR REVIEW 
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PART I - MIDWAY LANDFILL 

Below is a list of all documents that were obtained and reviewed 

concerning the Midway site: 

1) USGS Topographic Maps, 1968 and 1900 

2) USGS Geologic Map of the Des Moines Quadrangle, 

Washington 1962 

3) Air Photographs from 1936, 1946 and 1965 

4) Geology and Groundwater Resources of Southwestern King 

County, Washington, Water Supply Bulletin No. 28, 1969. 

5) Report from City of Seattle Engineering Department to 

Department of Highways Concerning the Proposed Landfill 

at the Midway Site, 1966. 

6) Prints of Storm Drainage Facilities at the Midway 

Landfill and East of 1-5. 

7) Prints of 1966, 1981 and 1982 contours at the Midway 

Landfill. 

8) Volume, Density and Remaining Life Analysis for Kent 

Highlands and Midway Landfill, URS Company, March 1981. 

9) Midway and Kent Highlands Landfill Filling Strategies, 

URS Company, June 1981. 

10) Water well logs, for Linda Heights and Cambridge water 

wells. 
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PART II - KENT HIGHLANDS LANDFILL 

Below is a list of all documents that were obtained and reviewed 

concerning the Kent Highlands site. 

1) USGS topographic maps 1968 and 1900 

2) USGS geologic map of the Des Moines Quadrangle, Washington 

1962 

3) Air photographs from 1936, 1946 and 1965 

4) Report on Sanitary Landfill Site No. 2 - Kent Highlands. 

Shannon and Wilson, Inc., 1966 

5) Subsoil Investigation-Kent Highlands Sanitary Landfill, Kent, 

Washington. Shannon and Wilson, Inc., 1969 

6) Subsurface Investigation Leachate Treatment Lagoon and Green 

River Pipeline Crossing Kent Highlands Sanitary Landfill, 

Kent, Washington. Shannon and Wilson, Inc., 1975 

7) Soil Investigation and Well Pumping Tests at Kent Landfill, 

City of Seattle Engineering Department, I.K. Johnson and H.W. 

Kokita, 1976 

8) Geohydrologic Study of Kent Highlands Landfill. Robinson and 

Noble, Inc., 1977 

9) Drainage and Pollution Control Plan for the Kent Highlands 

Sanitary Landfill. Stevens, Thompson and Runyan, Inc., 1977 

Golder Associates DRAFT 



10) Topographic Contour Maps 1966, 1981 and 1982 of Kent 

Highlands Landfill 

11) Kent Highlands Sanitary Landfill Leachate Collection and Toe 

Buttress - Phase 2, Location Drawings, 1978. 

12) Piezometer and slope indicator monitoring data. City of 

Seattle Materials Laboratory. 

DI^AFT 
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LINDA HEIGHTS WELL - DRILLER'S LOG 

CITY OF KENT 

l i nd t Htigltlt, w. l l B 

JOe* 7»-71B 

CONSTRUCTION DETAILS OEOLOGIC LOQ 

J 

•9 

* 
T 

\ t 

t i 

« 

K Q 

160' 

176' 

200 ' 

226' 

280' 

300' 

326' 

360' 

400' 

426' 

From City of Kent 

i « " eii»ma TO 401 ' 

I .of 

' • il 
', > 
t t « 

m ES 
V^* 

i 

V ^ 

m. 
" i ^ 

V f ^ 

•aOwh SAND AND GRAVEL 

•traWN CLAV 

. BKOWN aiLTT SAND 

aaAV'-«nowN ORAVEL AND CLAV 

(SUSTLC COLOR CHANGE TO BROWN) 

2 3 1 ' 

3 3 8 ' 

(CLAY IB MORE SILTY BELOW 252 ' ) 

O R A V t i ( . r r C L « r ANO V C P V r iNC S A N O 

ORAY CLAY BAND ANO M A V t L 

GRAY G R A V l L m CLAV M A T H I X 

G I U V VCRT * 9 a BAND. B L T A N O C L A T 

(SLIGNT LAVENOCR CA$T) 

TOTAL D t P T H 

ROBINSON & NOBLE, INC 
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RECORD OF BOREHOLE B H - 1 COORDINATES: N..,55>. Z^ ^'^,^^l.cx, 
L O C A T I O N : M i d w a y L a n d f i l l D A T U M : M S L D A T E : fSJdnuary i 1 8 Z 

SAMPLER HAMMER W E i G H T 1 4 0 L B S . . D R O P 3 0 IN . BORING M E T H 0 D : 5 ^ i n . hollovv s f e m a v j ^ c i -

SOIL PROFILE 

ELEV. 

DEPTH 
D E S C R I P T I O N 

SAMPLES 

Z 

o 
< 
> 

UJ 

M l 

WATER CONTENT (%) 

6 
_L. 

10 
I 

16 20 
_L_ 

STANDARD PENETRATION TEST 

A ' N ' B L O W S / F O O T 

10 2 0 3 0 4 0 

GAS 

SAMPLING 
WELL 

INSTALLATION 

2m. SthSO PVC 2. 
333.5 

? S ' S 
2 o 

Den&e. _ brovwn and qi^ay, coa r te +o . 
>^ - f i n e S A N P , s o m e gi-av«.l / " j 

V/ery den&e,, b r o w n a n d gi-a^j, 
coarse.+0 'F i r>«- SA^MD, s ^ r n e , 
q r a v e l J 4-t-ace c o b b l e s 

; • / • • ; • . 

5-1 
2 . 0 ' 
D.O. ^^' 

S - i 2 ^ 
D O . ^ ' 

3 3 0 

3 W 

3 i i . 5 : ; » • 

> 

E 

c 
Q 
-o 
c 
n 
(0 

zu. 
s lo^e i l 

1^ 

l̂ ^ 
|(fi 

1^ 

1 I 

la .o E n d oT H o U 

R E M A R K S : Hot«. +ernai»-\a+ie.d a-V- 12..C? -n-- d o e - • I - o a o Q e - f r c - f o s a l . N o v/v/a-tist- ir> t->ole_-. 

f 
V E R T I C A L S C A L E : 
1 i n . t o 1 0 f t . 
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I 

RECORD OF BOREHOLE BH-1 A 
COORDINATES: N i ) , 5 4 8 E. -^.is-fe Cappro.xO 

L O C A T I O N : M i d w a y L a n d f i l l D A T U M : MSL D A T E : i s J a n u a t y 1<«B2_ 

SAMPLER HAMMER WEIGHT 1 4 0 L B S . . DROP 3 0 IN . BORING M E T H O D : 5 J ^ in. I.D. hollow s ^ ^ m au'^e. i -

SOIL PROFILE 

ELEV. 

DEPTH 

3 35.5-
o 

33I -5-
2.0 

3 2 3 . 5 " 
lO.O 

•S2.I.S 
12 .0 

3 0 S O 

za.s 

D E S C R I P T I O N 

Dense,^ l o r o w n and t^'S'^j, c o a r s e . 
\ +o f ine . . SANJ D, s o m t , c^ra.\e.'i / " 

V e r y d e n s « . , b n o w n and c)*ay 
CDar«,e. + o - f ine , S A N D , ejonrve-
g r a v e l , - h - ^ c e . o o b b l « s 

Ve ry d e n s e . , ^ ' ' ^Y a t ^ b rowm 
\ GRAVF L . a n d c o a K s e , -t-o / " 

\ -F iM4E. S A N D / 

Vsjry d e n s e . , a ra< j a n d torown 
SAMD and GRAVEL, -Kac^ 
c4aY| S'I 1 4 - a n d c.ct>We.s t o 
S l \ 4 y S A N b a n d S R A V E L . 

E n d o f Holes^ 

O 
m l 
0. 

< 
tc 
<0 

•'v-vi 

i^^V 

: ' • ' ; • > • 

* - ° • ' . ' 

' • ( > / • -

S A M P L E S 

GC 
IU 
CO 

s 
Z 

5-1 

5-2 

5 -3 

UJ 

> 
»-

2 " 
p.o. 

Z " 
•RO 

D.O. 

U. 
*". 
CO 

O 
. J 
CD 

'̂ i" 

" ^ " 

^ 3 " 

Z 
O 

< 
> 
Ui 
. J 
UJ 
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3 Z 5 

320 

3 ( 5 

i l O 

305-

• 

• WATER C O N T E N T (%) 

5 10 15 2 0 
1 1 1 1 

S T A N D A R D PENETRATION TEST 

• " N " B L O W S / F O O T 

10 2 0 3 0 4 0 
l l l l 

m 

\ 

\ 

\ 

/ 

' 

A 

i 
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2 o 

i 
r 
o 

R E M A R K S : H o l e +TE.rrrnna-hB£l a-t- 2 8 . 5 •F+. d u e . | - o r c : f o i > a l . N o w a - ^ t - i n h o l e - . Unalole. -Ho + 3 k e . &a i - r \p l» -
a + IB.O-Pf. e t y c h o be>u ldcr - /c :o lsb le- in h o l e . . F o r wa+ie»- con1->e.r«+s. dr\<dl s t s r v d a r d p e n e - h - a V i o r v 
f & s t - r e s . u H - s b e . - ^ w c o - i O a n d \ 0 -FtsAh & e . « , ' B H - l . 
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RECORD OF BOREHOLE BH-IB 
LOCATION: Midway Landf i l l DATUM: MSL 

SAMPLER HAMMER WEiGHT 140 LBS.. DROP 30 IN. 

COORDINATES: N l l . S f S . O i s : ^ j 5 ' + . ( ^ \ 

DATE: 2 7 January m S i -

BORING METHOD: Mud f^otery 

ELEV. 

DEPTH 

SOIL PROFILE 

DESCRIPTION 

CO 

SAMPLES 

UJ 

if 
E 

Z 

o 
< 
> 
UJ 
. J 
UJ 

• WATER CONTENT ( « ) 

5 
_ L . 

10 15 20 

STANDARD PENETRATION TEST 

A ' N ' BLOWS/FOOT 

10 20 30 40 

PIEZOMETER 
COMPLETION 

</;n.i>cî fCiPVC~, 

333-1 

Z W I 
f<?.o 

2Tt-.| 
5<1.o 

Gray and btovJn, mediom +o 
cosrs,*. SAND and Fii-v«. -^o 
coar&e.. &RAVEl_ wi-Vh hr^ca.-
+x> s.on-»e- cobb le . * at-\d bouliie*^ 
•krsce, ail-l- a n d f m e . s a n d 

S-1 MtJ 

6-2 M.t?. 

D:, 
5-3 Mt?-

e-^ M*-

• A 

?iji' 

s-5 M-k- ^0 

S-6 M-a- 'fS 

,'0 '•> 

b • ' . i j . 

* . ' . 'e 

i 
' • (7 . 

-Pl-

S-7 K-\i- t 5 

6-g MJ}- 30 

S-1 m 3o 

G>ray and fcirown, -Fine -te coorse-
SANlD, mtdvu i - r i QraveJly, 
• f i n * +& coairs>e SAM D,-frace, 
•tte ^Esnie- &>l-*r a n d c\ay 

4 ^ 
5-10 M* 3o 

S-l( M-R i o 

S-n. M-R-
Gra-^ a n d b r o v ^ n , medionn +o 
c o a r s e , S A N C> a n d -Fine -h^ 
Coarse- ' & R A V E . L wi+h "h-ace-
+0 s o m e - c-obble-S a n d 
b o o l d e r s , f race, =>ilf a n d 
fine, sand 

s-5 m t s 

330 

325 

320 

315-

310 

305" 

300 

295 

2flO 

285^ 

280 

275-

270 

S-W m n-S 

SL. 

REMARKS: W.R. = Mud Ko+ary ^ampU ^ Water Level at Z92.S f t . 
on RMaf-S2, 

|o 

VERTICAL SCALE: 
1 in . t o 10 f t . 
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RECORD OF BOREHOLE BH- IB (contd.) 

L O C A T I O N : M i d w a y L a n d f i l l D A T U M : MSL 

S A M P L E R H A M M E R W E I G H T 1 4 0 L B S . . D R O P 3 0 IN . 

COORDINATES: N l l , 5 H - 5 . 0 3 > El S , 154".Ccl 

D A T E : 2 7 Janoar«^ \ ^ S Z 

BORING M E T H O D : tv\ud R o f a r y 

SOIL PROFILE 

ELEV. 

DEPTH 
D E S C R I P T I O N 

S A M P L E S 

Ui 

Si 

tc o 

z 
o 
< 
> 
UJ 
ml 
Ui 

• W A T E R C O N T E N T (%) 

6 
I 

1 0 
I 

1 6 2 0 
I 

S T A N D A R D PENETRATION TEST 

• " N " B L O W S / F O O T 

10 2 0 3 0 4 0 

PIEZOMETER 
C O M P L E T I O N 

k 
I k 
lr« 

To 

5 

: a 
. * • . 0 

' . • ' * • ' 

S-15 m 75 

25f.\ 
5-lfc m f6 

71.0 
Liqhf + o m e d i u m Q>'«Y, Sll+y 
C L A Y -l-O C L A ^ , s o m e s . H i 

238.\ 

2fc0 

255 

2 5 0 

2 t 5 

2'fO 

qs-o E n d o f Ho le 
3-n P.O. 

2 m. 
6 * 8 0 ^ 
PVC 

Z- f+ . alo-H-ed • 

R E M A R K S : W\.R.= M o d Ro-fary S a m p l e -

D.O. = 2 " D n v e , O p e n S a n i p l e - / 

_SZ_ W a t e r L e v e l a t 29Z.Sf+ . 

on 9 Mar 8 2 

• 
a 

V E R T I C A L S C A L E : 
1 I n . t o 1 0 f t . 
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RECORD OF BOREHOLE BH-2 

LOCATION: Midway Landf i l l DATUM: MSL 

SAMPLER HAMMER WEiGHT 140 LBS. . DROP 30 IN. 

COORDINATES: Nl lOiS-^S g. 1,o8C Capprox-) 

DATE: /5 January /qs2_. 

BORING METHOD: 3 ^ in. hollow s-^iem auc^er-

SOIL PROFILE 

ELEV. 

DEPTH 
DESCRIPTION 

SAMPLES 

Z 

o 
< 
> 
Ui 
-J 
Ui 

WATER CONTENT (%) 

6 
I 

10 15 
J 

20 
I . 

STANDARD PENETRATION TEST 

A ' N ' BLOWS/FOOT 

10 20 30 40 

s-^-o 
a-7JZ.o 

^ 

3&2 .0 
IX.O 

3S8.0 
/ & . 0 

C o m p a c f , aray-oneeyi , ooar&e 
•k>f inc SAMD^ -h-ace f o srfaw^ 

U-i- a n d g r a v e \ / 

Very dense., c j ray -g re .en , 
gnavelly, coa rse f o - f i n t SAMP, 
-fraoc. - fo s o m e &il-f and cobbles 
4o coarfee. f o -Fine- SAMD, sorMe-

-V cjravel, "h-ace -fo s o m e £>ilf and r 
\ cobbles. / 

Very dense-, g r a y , qraveVly^ 
r*\«d(um SfKMD, s o m e e i l f /" 

ind cobble-b / 
Veryd«J- isc , q r a y SlUr«and 
•fine, S A N I & , s o m e - gr-a»vel, 
+ r a a c . + o & o m € - cobb l« - v 
-l-O fetl-fy -FTne- f o m e d i i - i r w 
S A K I O , s o r n e - a r a v e - l a n d 
c-ofc»t>\e.s. 

••••.-.J), 

#J0 
S-1 a" 

P.O. 
" % • 

5-2 2 " 
P.O. % 

W; 5-3 r" ''%' 

\ 

SV4..0 

••h 

•f 

: > ' . 

^ 2 " 
D.O 

SOJ '9', 

$-5 2 " 
P.O. ^ 

5 - ^ D.o: 7T 

i i o 

3,bB 

36>0 

3 5 5 

3 5 0 

3 ^ 

^ j y o E n d o F H o i -

Z 

o 

i 
z 
o 
z 

REMARKS: H o l e f e r m i n a f a - d a f 30.0f~-<-. d u e - fo a u ^ e r ne-fO'sal . Nio w a f a - r i n hol<e.. 
D.O--= <2 in. D r i v e O p e n S ' f n p / e r 

VERTICAL SCALE: 
1 In . t o 10 f t . Golder Associates D R A F T Sheet 1 of 1 

i 



RECORD OF BOREHOLE BH-2A 

LOCATION: Midway Landf i l l DATUM: MSL 

SAMPLER HAMMER WEIGHT 140 LBS., DROP 30 IN. 

COORDINATES: N 10,54-8.©<« E S,os.3>.(io 

DATE: 18 Janua ry -2 February 1982 

BORING M E T H O D : ' t ' " " ^ ^ * " ^ ^ ^ ° " ' ' ^ , ^ 
3 % w. CD. air/mud rgtarty lo-iaof->-. 

SOIL PROFILE 

ELEV. 

DEPTH 

' j T t . O 

DESCRIPTION 

SAMPLES 

c 

i z 
O 
p 
< 
> 
UJ 
- J 
UJ 

WATER CONTENT (%) 

20 10 
I 

15 
I 

STANDARD PENETRATION TEST 

• ' N " BLOWS/FOOT 

10 20 30 40 

GAS 
SAMPLING 

WELL 
INSTALLATION 

2m. SchSOPVCp 

Very dense, qray, sil-fy .-fine -fo 
medium SANiD>, s o m e gravely 
•frace cobb les . , -hs- fTne- fo 
yrre.diurr\ S A N J D B\r\d S I L T , 
s o m e , o r a v e l a n d c o b b l e s 

32^.0 
H^.o 

'b73..0 

9 
s - i D.O. "%" 

)q 
^ - 2 a.-' 

D.O- ' ^ " 

V 3 2 " 
D.O. ^X" 

. e 
IIU 

S2.0 

Si'+.O 

/̂«J-V d e n s e , q ray , -F ine-hD 
n- ied iom S A N D j - f n a c e 4 o 

•y^stbrne, a i \ - f a n d o|rave-\ 

Very d&n^e.^ 'V ' ^ ' i / *'''*Y "^'"^^ •*"«= 
n->c:diom SAMtJ^ s o m e 
g r i ^ / e l f o s i l f y , - f i n e -ho 
med iom SAMC> a n d & R M E 1 -

«.-•+ a 7 » -

p.o. % 

5-5 O.O. 

m. S-(«. D.O. 

6 0 

• 
o 

©ray , - f i ne - f ocoa rse - SAMO 
and -Fine -te c o a r s e - £>RAVE1^ 
W i f h -Hsace. - fo s o m e -
C o b b l e s a n d b o u l d e r s 
^Cbn-hnu«<i on nt-*-'' sWi«jef) 

^ : 

%1D 

3 ^ 5 

3 tO 

3 5 5 

3 5 0 

y 6 

3tO 

136 

3 3 ° 

32? 

3 2 0 

3 ' ^ 

:S 
s-7 a'­

po. 
7 < " 

5-8 nc- •K) 

• Unable -I-o s a m p l e . H o l e u w o l i 

not s'tay open a f 6 3 . 0 Ff . 
3 'o 

; 5 ^ m 20 

Z2 

i 
f 
E 
V 

CO 

2*+. ^ 
slotted 

7: 

/ ^ 

z 
6 

i t * ^ 

8 « n * o n !-•-£. 

2 
u) 

2^+. 
Slo^eel 

Cif-I-r E n i A<r Rotary 

B e g i n Mud ffcrtery 
a - t f cOf t . d u t - h a ' 

1 ^ 

• _ s io s a m p l e - s vi«.rfc o b + a m e A i n B H - 2 A ^ - f r o r n 0-30•F-^ . a s •H-i\5 i n F o r n i a - t - i o n -wvias o b t a i n e d i n ' B H - Z . T t te ho le . 
R E M A R K S : v^8s auaarec i w i -H\ a f irv. l .D. ho l l oM i S - t e m a<J<3«r -t-o l o ^ + . A> 3 ^ i n . a i r ro-tar<lc7<-t-wa» i j *««l -Fre»m IO-4>3f - i - . 

On I F«i»o2. be^an dn i l i na vw>-Hfi r n w d n y h i r y a-t feSf-*-. O n 16 F-».b ff2. Male caved i n j - f S04 i+ . a n d r m j d dr-air>«<i ou-t- o F 
h o l e - . Invta l led ga-b <>)rmptin<^ w d l s o n IU(%t>S2. D . 0 . - = 2m.O«- ivcOpcr ^x i ryU. M.V*.= Mud l fe^an j S » m | o l e 

I 
VERTICAL SCALE: 
1 In. to 10 f t . 

Golder Associates DRAFT Sheet 1 of 2 
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RECORD OF BOREHOLE BH-2A (contd.) 
COORDINATES: M 10,54^.80. B <^^09Z>.<^ 

LOCATION: Midway Landf i l l DATUM: MSL DATE: 18 0anoBn^-2R«teruary 1S82. 

SAMPLER HAMMER WEIGHT 140 LBS.. DROP 30 IN. BORING M E T H O D : ^ ^ ' ^ r ^ ^ ^ ' ' ° " - ! ° ^ ir, .2of+ 

SOIL PROFILE 

ELEV. 

DEPTH 

zei.o 
S7.0 

25¥.o 
/2aO 

c 
DESCRIPTION ° 

a 
0 

'a*. 

•*•? 

V 
Yellowish b r o w n , dayev SI LT ] 
+ o & i l - f y C L A Y , - f r a c e + o ; 
S o m e - -FTne -to o o a r i e , , . j 
£>3nd a r d +v-ac.«. -Fine, ' 
g r a v e \ '. 

' 
-

-

' 
> 
' 
• 
' 

' 
• 

End o f Hole. 

SAMPLES 

> 
J 
L 

K 
. UJ 

\ i 
- 3 
9 Z 

A" 

\:. S-10 

*1 
% &-II 

< • S-12 

, ; 0 I 3 , 

;. s-if 
'', 
' . • 

::s-/5 
/, 

'', S-lt> 
'̂  ; 

' . 
• ' S - 1 7 
'-
'. 

;;s-(8 
', . 
;: s-n 

;.5-20 

'-

UJ 
D. 
> 
1 -

M-R-

m 

M-^. 

f ^ 

fA-T?-

M-ft. 

IA« 

M-ft 

2 . " 
D.O. 

KV\i-

Ŵ  

So 

ts-

-

+5 

•fS 

30 

15 

3 0 

J 5 

' / .o 

(5 

/ 5 

Z ' 
O 
p 
< 
> 
Ul 

UJ 

3 0 0 

2<^5 

:2<?o 

2 8 5 

275" 

2 7 0 

2 6 0 

2 5 5 

• WATER CONTENT (%) 

5 10 15 20 
l l l l 

STAN 

A 
1 

DARD F 

" N " Bl 

0 2 

>ENETR 

.OWS/F 

0 3 

ATION • 

OOT 

0 4 

TEST 

0 

i »*-

REMARKS: M.R. ^ Mud Rorfary S» rv ,p i« . 
D . O = 2 / n . D r i v e - O p e r i S a r n p l e - - -

r r . ? i o ' r " Golder Associates D R A F T — " ' ' 



RECORD OF BOREHOLE BH-3 

L O C A T I O N : M i d w a y L a n d f i l l D A T U M : MSL 

SAMPLER HAMMER W E i G H T 1 4 0 L B S . , D R O P 3 0 I N . 

C O O R D I N A T E S : N/ 11,26.8 .72 E 1 0 , 2 1 2 . 3 3 

D A T E : 1'=̂  s J a n u a r y \ ° t & Z 

BORING M E T H O D : f i n . I.D. h o l l o w s h c m a u g e * -

SOIL PROFILE 

ELEV. 

DEPTH 
D E S C R I P T I O N 

PIEZOMETER 

C O M P L E T I O N 

377.8 

ci.\ 

r 

09 

< 

, o . 
C>arl^ g ray f o b l a c k , nnvx+une 
o F d e c o m p o & e d p a p « . r , 

<^ p l a s " f i c , , s f eeJ , w o o d &Y>td 
" T ^ s o m e - 3011 CFill) 

zesB. 
92.0 

283 .& 
9f .O 

27<?.fc 
«?8.3 

275 . B 
102.0 

271.8 
tOb.O 

2&2.a 
I I S . O 

S f iFf ̂  b r o w n a n d <^re««, &'Hv^ 

\
G-AX, t > o m « , r o o f ' s , a n d 
\. o r i g a n ICS 

\ S o f f , b l a o k , O R & A N I C S > i P E A T ^ 

Very dens^- , b r o w n , r n e d i u m f o 
. c o a r s e s i t f y S A N D a n d CLAXr 
\ S o m e - o)-av«.l / 

Very dc>i«>e., fc>lue-green, 
cla' . jeY f m e S A N D ^ S I L T , 
^-f r a c e - s o n ^ e Q r a v e \ f o 

. c l a y e y S l L T ^ f v n e SANiC> 
S o m e qrave-1 

Very <iejise,,<^ee»\ ^ <^r«<j c l a y e y 
\ GPAVEX. t S A N D s o m e cobb le? 
\ ^ b o ' j I d e T s / 

E n d o f H o t e 

Zf f -
SIOHQQ 

sed-iwi 

R E M A R K S : H o l « . + « r m i n a f « e i s h l | 5 . C > f ^ . d u e - f o a o g e r - t - ie -R j *a l 

D . O . = 2 i n . D>r-\ve. O p s i r t S a r n p l « -

^ W a t e r L e v e l a t 2 7 6 . 

on '^ M a r c h 8 2 -

V E R T I C A L S C A L E : 
1 i n . t o 1 0 f t . 

Golder Associates DRAFT Sheet 1 of 1 

file:///G-AX


RECORD OF BOREHOLE BH-4 
LOCATION: Midway Landf i l l DATUM: MSL 

SAMPLER HAMMER WEiGHT 140 LBS.. DROP SO IN. 

COORDINATES: N 11,227.58 ElO,20C».oO 

DATE: 20 January |c»S2, 

BORING METHOD: '^m. I.O. W i b w s tem a u g e r 

SOIL PROFILE 

ELEV. 

DEPTH 

378.-7 

DESCRIPTION 

CO 

SAMPLES 

Z 

o 
p 
< 
> 
UJ 
_ j 
Ui 

WATER CONTENT (%) 

20 10 
__L_ 

15 

STANDARD PENETRATION TEST 

A * N ' BLOWS/FOOT 

10 20 30 40 

PIEZOMETER 
COMPLETION 

2.n.S<:M80PVC 

295-7 
83.0 

N-

1* 

1^ 

l< 

Dack gray -fo black mixKire. 
oF de-composed p>ap«.r 
plasfic, ST-eel I wood and 
Some- soi l (Flit) 

5-1 X" 
DO. Vi' 
X " 

o.o. ^ 
E n d o T H o l e . 

375 

i'Zo 

315 

3 I O 

305 

306 

Sand 

tl 
> 

i3 
i» 

(2 

2-ff 
- d slotted 

setfion 

REMARKS: D.O. = 2, i n . D r i v e O p e n S » r r \ f \ < Water Level at 31-3.^ f^. 

on *1 M a r c h 8Z -

I 
VERTICAL SCALE: 
1 in . to 10 f t . Golder Associates DRAFT Sheet 1 of 1 



RECORD OF BOREHOLE BH-5 

LOCATION: Midway Landf i l l DATUM: MSL 

SAMPLER HAMMER WEiGHT 140 LBS., DROP 30 IN. 

COORDINATES: N IO,735.9-b E I O , l l S . 3 1 

DATE: 2 I J a n u a r y iq&2-

BORING METHOD: H-in. I.D- h o l l o a s f e m a u ^ e r 

SOIL PROFILE 

ELEV. 

DEPTH 
DESCRIPTiON 

SAMPLES 

Z 
o 
p 
< 
> 
UJ 

UJ 

• WATER CONTENT <%) 

5 
_ L 

10 
I 

16 20 
JL 

STANDARD PENETRATION TEST 

A " N " BLOWS/FOOT 

10 20 30 40 

PIEZOMETER 
COMPLETION 

315 3 

Zin.-icViaoPVC-

D a r K gray f o b lack , m ix fu re -
<^ o f de - c j o rnposec i p a p e r ^ 

p l a s - f x c , s ' fe -e i , v>jood a n d 
«>onne- s o i l ( R l l ) 

3Q2.3 

3fO 

S-1 D.O ' ^ . 

S-2 
2 " 
DO ^ > 

335 

330 

325 

320 

315 

3IO 

Z05 

-SZ. 

2f-f. 
StoH-ed 

83.0 Cnd of Hol«-

REMARKS: D.O. - 2 in. D n v e O p e n ««T>\f-lc- ^ Water Level at 3(G.'=^ff. 
on S M a r c h 8 2 -

VERTICAL SCALE: 
1 In . to 10 f t . Golder Associates D R A . F T Sheet 1 of 1 
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RECORD OF BOREHOLE BH-6 

L O C A T I O N : M i d w a y L a n d f i l l D A T U M : MSL 

SAMPLER H A M M E R WEIGHT 1 4 0 L B S . . D R O P 3 0 IN . 

C O O R D I N A T E S : NiO.ot l .SCo E: % 5 < ^ . 9 l 

D A T E : « l - I O F ^ b r - u a r y l ' ^ 8 2 _ 

BORING M E T H O D : A i r R o f e r y - D r i l l a n d D r i v < 

SOIL PROFILE 

ELEV. 

DEPTH 

ief^^s 

D E S C R I P T I O N 

S A M P L E S 

O d 

i 

z 
O 
p 
< 
> 
UJ 

- .J 
UJ 

• W A T E R C O N T E N T (%) 

5 10 
I 

15 
I 

20 
_ 1 _ 

S T A N D A R D PENETRATION TEST 

A " N " B L O W S / F O O T 

10 2 0 3 0 4 0 

PIEZOMETER 
C O M P L E T I O N 

'oo 

Liqhf f o m e x i i o n ^ broVN/n isH-
gray,-rir%«.-•-& c o a r s e - cfravelly 
f i n e f o c o a r s e . S A M D f o 
-Fine + o c o a r s e sar^ds^ 
f ine- f o coar^&e. GRAVEL- , 
f r a o e - fo s o m e - svl+^ 
c o b b l e s and bou lderc . 

S-1 A.R 

S-2 AR 

5-3 A.R 

5-^ ^.R, 

s-ff AR. 

S-fc A.R 

S-7 A.R. 

S-8 A.R. 

S-1 A.R 

S-'O A.R. 

A.R. 

S-12 A.R. 10 

A.R 

3 8 0 

3 7 5 . 

370 

34.5 

iitO 

3 5 5 

3 5 0 

3*1*5 

3 f O 

3 3 5 

3 3 0 

S 2 S 

SZO 

(Con-^\Ys\je.i o n >ie<f SWeef •) \ Q s-15 A.R. 8 

(Hr\. fm. 

pvc 

R E M A R K S : A . R . - A i r Ro fa ry San>p le- v 

VERTICAL S C A L E : 
1 i n . t o 10 f t . 

Golder Associates DRAFT Shee t 1 o f 2 



RECORD OF BOREHOLE B H - 6 (contd. ) COORDINATES: N.op+i.sc. e .̂5=^^ s i 

LOCATION: Midway Landf i l l DATUM: MSL DATE: '^-10 Fefar,jary l^SZ-

SAMPLER HAMMER WEIQHT 140 LBS,, DROP 30 IN. BORING METHOD: Air R o ^ n y - t>ril\ andDnve , 

SOIL PROFILE 

ELEV. 
DEPTH 

21^ -5 

10.0 

afsS 

DESCRIPTION 

LK^Wf-hi m e d i u m b rown ish -
qi-ay, Fine f o c o a r s e c^raveUy 
- h n e f o ccars.<s- SAvNiO f o 
f i n e f o coar -^e . GRAVFL , 
- f r a c e f o S jorne s i If-, 
c o b b l e s a r \ 6 b o u l d e r s 

E n d of H o l e . 

0 
a 

< 
OC 

eo 

•tv*.' 

0 - 0 • ' 

> - . ' - o 

•*• *1 • • 

' " . " . * • 

1 

^ ' : 

. 0 , . " . . ' 

--.; -. .0, 

. . ' •' / 

SAMPLES 

OC 
UJ 
CD 
Z 
3 
Z 

S-15 

s-/t 

S-'7 

S-18 

S-fl 

S-2P 

5-ZI 

9-Z2 

S-23 

S-Z4 

3-25 

S-Zfe 

S-27 

5-28 

UJ 
0 . 

> 

A.R. 

^ R . 

A.R. 

AR. 

A.R. 

A.R. 

A.R. 

A.R. 

A.I?. 

A.R. 

AR. 

A.R. 

A.R. 

A.R. 

UJ 

2 

if 
tc 
a 

15 

15 

8 

IP 

10 

ZO 

10 

15 

15 

(0 

S 

10 

12. 

(5 

Z 
0 
P 
< 
> 
UJ 

U i 

310 

3 0 5 

3 0 0 

2 T y 

2 R ' l 

2 8 0 

2.75 

2 . 7 0 

2 6 ^ 

2.41,0 

2.sr 

Z S O 

• WATER CONTENT (%) 

5 10 16 20 
l l l l 

STAN 

A 
1 

DARD F 

" N " Bl 

0 2 

>ENETR 

.OWS/F 

0 3 

ATION 

OOT 

0 4 

TEST 

0 

PIEZOMETER 
COMPLETION 

& i n . 
«.-l-«.l 
casing 

y/A 

(Of t . 
&lot«4 

; 
\ 

PVC 

^ / / / 

1 

TJ 
£ 
10 

R E M A R K S : A . R . - A i r R o f a r y " V W a t e r L e v e l a t Z T h O - f f . 

o n 9 M a r c h S 2 _ (̂  

I ' l nT ioT ' " " ^ Golder Associates D R A F T Sheet 2 of 2 



RECORD OF BOREHOLE BH-7 
C O O R D I N A T E S : N I 0 j 7 3 ( i . . 5 f E l IOjO«^«^.50 

L O C A T I O N : M i d w a y L a n d f l l l D A T U M : MSL D A T E : l o - i 5 F e b r u a r y i q & 2 , 
SAMPLER H A M M E R WEIGHT 1 4 0 L B S . . DROP 3 0 IN . BORING M E T H O D : M-in. I D . h o \ l o w s - f e m a u < ^ e r 

SOIL P R O F I L E 

ELEV. 

DEPTH 

3qf.'^ 

D E S C R I P T I O N 

SAMPLES 

Z 
O 
p 
< 
> 
Ui 

WATER CONTENT (%) 

15 20 1 0 
I 

S T A N D A R D PENETRATION T E S T 

A ' N * B L O W S / F O O T 

10 2 0 3 0 4 0 

P IEZOMETER 

C O M P L E T I O N 

2in.ScVi80PVC: 

QO 

> P a r k <3r-ay - f o b l a c k , m i x f - u r e 
o f d c c o m p o s e - d p ia^s . r - , 
s f « e . l , w o o d a n d s o r n e « .o i l 

%l2f1 

11.5 CT..1 
SoH-.bloe^qravf, sil-W CLAV 

(W.O 

24rt.1 
I30.0 

2.58.«? 

•N Loo ic -to tompacf , blue-, coarse +o 
\ F i n e - S A M P f o S A N D and S I L T 
Compacf nr>otfled k>raw>v,-haniqray 
SILT, son-ie FTne s a n d , f r a c e -

\ d a y f o S ILT a n d FVig. & A M D / 
Very <i»nse, blu«-c)ray, ^ * \ ^ ccaarse 
-t-o-fme S A N D , Same. 3rave l -fa sanely 
S I L T S o r n e g rave . I 

I3CO.O 

251.9 

Very dense-, q ray , c o a r s e - f o -Fine 
G R A V E L , f r a c e f o s o m e , 
s a n d 

IH-3.0 E n d o r T H o U 

R E M A R K S : H o l e f - e r r n m a - f e d a f - I f 3 . 0 d u e . - f o a u o e r r!e-f<j^.al 
D-i-M-= 2 5 § i n . I . D ; 3 k f - \ n . O . D . d r w e s a m p t e t -

S a m p l e r dr ive ,n VD\fh " iooi los. , 3 0 m. d r o p 
&.O. -» 2.'w. "Dnvg Opa»v Sa rnp le . 

V E R T I C A L S C A L E : 
1 i n . t o 1 0 f t . 

Golder Associates DRAFT 

file:///Fine


RECORD OF BOREHOLE BH-8 
COORDINATES: N 11,001.55 E . 9 , \ S o . \ ~ l 

LOCATION: Midway Landf i l l DATUM: MSL DATE: 11-12 February 19&Z^ 
SAMPLER HAMMER WEIQHT 140 LBS. . DROP 30 IN. BORING METHOD: A l f R b f a ^ y - D r i l l and DMve -

SOIL PROFILE 

ELEV. 

DEPTH 

3fe'.S 

DESCRIPTION 

SAMPLES 

C! 
Z 

o 
p 
< 
> 
Ui 

Ui 

WATER CONTENT (%) 

15 20 10 
I 

STANDARD PENETRATION TEST 

A " N " BLOWS/FOOT 

10 20 30 40 

PIEZOMETER 
COMPLETION 

Liqhf f o m e d i u r n ( j r a y i * ^ -
b r o w n ^ f - i n e - f o coarse-
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APPENDIX C 

FIELD DATA 

o Field Water Quality Analyses 

o Methane Gas Levels 

o Water Level Measurements 

o Topographic Survey Results 
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PART I - MIDWAY LANDFILL 
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Table C-1 
Results of Field Water Quality Analyses-Midway Landfill 

(Conducted February 22, 1982) 

Location 
Depth 
(ft) 

Temp(1) 
•c 

Salinity Conductivity pH 
PPT Mmhos/cm (2) 

BH-T^ 

BH-4 

BH-5 

BH-7. 

BH-6 

BH-8 

Pond 

Soutii 

East 

West 

near Quonset Hut 

I Pond (SW corner) 

Corner of North Pond 

Corner North Pond 

100.5 

66.7 " 

77.1 

118.5 

110.4 

79.5 

Surface 

Surface 

Surface 

Surface 

10 * 

12 

10 

13 

10 

11 

4 

3.5 

2.5 

- 5 

1.0 

4.0 

7.8 

2.0 

2.75 

0.75 

0 

0 

0 

0 

1230 

5000 

,9500 

2875 

3650 

1250 

482 

500 

187 

209 

8.70 

-8.25 

8.45 

7.80 

6.75 

6.75 

6.25 

5.90 

5.80 

6.10 

(1) Measured with a YSI Model 33 meter 
(2) Measured with a Fisher Model 107 Digital meter 

Golder Associates 
B"\ 



Table C-2 
Methane Gas Readings - Midway Landfill 

in Percent Natural Gas 

Gas Monitori 
Well Number 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 

ng 
(1) 12/15/81(2) 

_ 

— 
— 

9 
7 
— 

8 
<0. 
<0. 
10 
0 
— 

53 
18 
— 

45 
46 
<0. 
<0. 

4 
4 

4 
4 

12/22/81(2) 

0 
6 
0 

<0.4 
6 
0 
0.8 
0 
0 
12 
0 
0 

50 
35-
20 
50 
43 

Trace 
0 

Date 
1/7/82(2) 

<0.4 
32 

<0.4 
<0.4 
25 

<0.4 
0.8 
<0.4 
0 
4 

<0.4 
<0.4 
56 
55 
38 
60 
36 
<0.4 
<0.4 

1/12/82(3) 

0 
17 
0 
1.2 
5 
0 
0 
0 
0 

0.8 
0 
0 

65 
20 
20 
3 
0 
0 
0 

2/23/82(3) 

0 
0.8 
0 
0 

40 
0 
0 
0 
0 
0 
0 
0 

60 
35 
5 
13 
55 
0 

<0.4 

(1) Locations are shown on Figure 2-1. 

(2) Measured with a Bacharach Model H Gas Tester with a downhole 
probe, by Health Department 

(3) Measured with a Bacharach Model H Gas Tester without a downhole 
probe, by Golder Associates 

Golder Assoctates DRAFT 



S e a t t l e - K i n g C o u n t y / D - I P A R T M E N T O F P U B L I C H E A L T H 

400 Y e s i e r Way S e a t t l e . W a s h i n g t o n 98104 _ ( 2 0 6 ) 6 2 5 - 2 1 6 1 

_*<-JUTi:<C i DA!'. { . ' M l l A l 

December 1, Iĵ  

JESSE W. TAPP. M.D., M.P.H. 
Olr*ctor of Public HMlth 

Eugene Avery, Di rector 
Seat t le Engineering Department 
910 Municipal Bui ld ing 

981 ACTION 

OUT 

Dear Mr. Avery: 

K 

INFCkMATtON 

CO 

r c 

• » 

CD 
r o 

We have j us t completed our i n i t i a l methane gas migra t ion . study of the Midway 
l a n d f i l l s i t e . Methane gas readings v/ere taken from tes t holes, bui ld ing a i r 
Spaces, storm dra ins , and Paci f ic Northwest Bel l vaults in pert inent locations 
around the perimeter of the l a n d f i l l . The study v/as carr ied out on four separate 
days between 11/5/81 - 11/20/81. 

Our f ind ings show evidence that methane gas is migrat ing o f f - s i t e at varying 
locat ions along the west side. To date, the posi t ive readings have only been 
found in tes t holes, storm drains and PNB vau l t s . A l l of the bu i ld ing structures 

isampled'v/ere absent of gas. 

Mu l t i p le readings were taken over the four days at many of our monitoring 
locat ions on the west perimeter that i n i t i a l l y sho\/ed a methane level of 0.4% in 
t o t a l gas on the f i r s t day (11/5/81). (We have included a map and suminary of 
f ind ings that provides more detai led information of our study for your "review.) 

On November 18^ Washington Natural Gas representatives were asked to tes t sar.ples 
of gas from a number of locations on the west border reveal ing posi t ive readings 
on our tes t equipment. The purpose of the WNG tes t ing was to insure that the 
concentrations of gas v/e were picking up were not from leak(s) i n VJNG gas l ines 
located i n the v i c i n i t y . The lab analysis on these samples confirmed that the 
levels found v/ere not associated with WNG. 

Although our i n i t i a l study did not uncover any "imminent" hazard conditions (e .g . 
explosive concentrations of gas) in the bu i ld ing structures tes ted, the e.'^istsnce 
of methane gas migrat ing l a t e r a l l y o f f - s i t e cer ta in ly establishes a potent ial 
s a f e t y / f i r e hazard condi t ion. We would l i k e to meet with you at your ear l ies t 
convenience to discuss correct ive act ion your Department must take to el i i i i inate 
t h i s problem. Unt i l then, i f you have any questions or would l i ke addit ional 
in fo rmat ion , please c a l l me or Wally Swofford a t 625-2125. 

| - -^ohn P. 

S incere ly , 

Oohn P. Nordin, Chief 
Environmental l ieal th Services 

JPN.-wsg 

cc: Bob iMcConnick 
Avery Wei Is 
Larry Kirchner 
Dr. Tapp 

District Service Centers: 

fRAL 
1300 Pur/pc Salety Bidg. 
Seati:e 93104 
625-5535 

Environmental HeaKft Seivices 
17J 20in Ave 
Seattle 98122 
625-2763 

NORTH 
10S0! Uendian Ave. N. 
Searae 98133 
363-4765 

COLUMBIA HEALTH CENTER 
3722 Huflsoo 
Sea:t 'e9ai18 
625-5151 

SOUTHWEST 
10820 8m Ave SW. 
Seanie 98146 
244-6400 

EAST 
2424 I56!HAve N E 
Beiie-fue 98007 
S8S-1278 

DRAF 

SOUTHEAST 
Rc-.tO--
3001 NE 4|fiSt 
Renton 98056 
228-2620 
AuCHjrn 
20 AuDum Ave 
Autx/tn 98002 
852-8400 



SUMMARY OF FINDINGS 
M£tHANL GAS MlliftATION STIIDY 

- Midway Land f i l l -

Seatt le-King County Health Department s ta f f monitored fo r methane gas at various 
locat ions around the perimeter of the Midway l a n d f i l l s i t e on November 5, 12, 18, 
and 2(1. The tes t equipment measured f o r the presence of methane gas i n samples of 
a i r aspirated from tes t holes made by a bar hole punch, bui ld ing structure a i r 
spaces ( i n te r i o r - c raw l spaces, e t c . ) , storm drains, and Paci f ic Northwest Bell 
ground vau l ts . 

Methane gas forms 
between 4%-15% to ta l 
scales: 

po ten t i a l l y 
gas - i n -a i r . 

explosive mixtures wi th a i r i n concentrations 
Our f i e l d tes t equipment measures the gas on two 

1 . Percent of methane gas as related to only the lower explosive l i m i t (LEL) of 
4%. 
TR'eadings from 0.0-1 .0 , w i th 1.00 representing the LEL of 4%), and 

2. Total percent of methane gas i n a i r 
(Readings from 0.00-100%) 

In th is study, the Health Department considered any concentration of gas greater 
than"0.1 of the LEL (or 0.4% t o t a l gas i n a i r ) as s ign i f i can t and categorized i t 
accordingly. , For purposes of c l a r i t y , the fo l lowing table of gas concentrations 
that reference sample locat ions A-P on the map are expressed i n levels of methane 
gas greater than 0.4% t o t a l gas in a i r : 

DATE -CONCENTRATION 

• LOCATION November 5th November 12th November 18th November 20th 

A. 
B. 
C. 
D. 
E. 
F. 
G. 
H. 
I . 
J . 
K. 
L. 
M. 
N. 
0. 
P. 

(Barhole) 
(Barhole) 
(Barhole) 
(Barhole) 
(Barhole) 
(Barhole) 
(PNS Vaults) 
(PNB Vaults) 
(PNB Vaults) 
(PNB Vaults) 
(Barhole) 
(Barhole) 

(Barhole) 
(PNB Vaults) 
(Storm Drains) 

12. or/ 
5. or// 
5. or/' 
0.2%-' 

1.6% 
35.0% 

5.K4 
1.8% 
2.1% 

15.0% 

0.0% 
0.0% 
0.0% 

30.0% 
0.0% 

0.0% 

7.0% 

0.0% 
0.0% 
0.0% 

7.0% 
45.0% 
33.0% 

0.6% 
0.6% 
0.5% 
2.2% 

•1 

0.4% 
. 

3.72' 
0.4% 



^ k 
, • LM> than 0.4t t o U l gas In l t r (most 
^ it O.M) 
y - Conccntntloin bctMCn 0.4X-3.9t total 

(«» In air 

0 - Conctntratlons greater than 41 total 
g.s-.ln a i r (LtL) 
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TABLE C-3 

WATER LEVEL MEASUREMENTS - MIDWAY LANDFILL 

H e l l 
Number 

BH-IB 

BH-2A 

BH-3 

BH-4 

BH-5 

BH-6 

BH-7 

BH-8 

P i e z A 

P i e z B 

Linda 
He igh t s 

Ground 
S u r f a c e 
E l e v a t i o n 

( f t ) 

3 3 3 . 1 

374.0 

377 .8 

378.7 

395 .3 

384.5 

394 .9 

361 .8 

344.8 

358.6 

READINGS (DEPTH BELOW GROUND SURFACE - F T ) 

CO 

o 
(N 

r-4 

4 7 . 5 

00 

\ -
\ 
l - t 

84 .7 

r i 
CO 

(M 
CN 
^^ . 

101 .8 

6 7 . 1 

r g '—• 
CO 
~-̂  
r g 

105.7 

6 7 . 0 

77 .5 

-

00 

cn 
CM 

l - t 

105.B 

6 7 . 5 

77 .7 

CM 
CO 
\ 
• H 

2 8 . 0 

r g 
00 

(N 

4 4 . 3 

fN 
CO 

r i 
"^ 
r g 

4 6 . 7 

r g 
00 
^ > . 
CO 
^^ 
r g 

4 8 . 3 

106 .9 

6 6 . 9 

7 7 . 5 

(N 
00 
"^ 
o 
r H 
^^ 
CN 

4 8 . 2 

112 .0 

r g 
00 

rH 

r g 

112 .5 

CM 
00 

i n 
rH 
-^ 
rM 

4 6 . 5 

B&O 

eso.o 
103 .0 

6 6 . 0 

7 7 . 0 

112.0 

122 .0 

8 3 . 0 

(N 
CO 
~-̂  
r g 
og 

r g 

100 .5 

6 6 . 7 

7 7 . 1 

110 .4 

118 .5 

7 9 . 5 

r g 
CO 
\ 
n 
r g 
\ 
r g 

4 3 . 9 

105.4 

6 6 . 7 

7 9 . 2 

110 .2 

119 .6 

7 8 . 5 

r g 
00 
\ 
cn 

4 0 . 2 

101 .9 

6 5 . 4 

78 .5 

110.4 

118.7 

7 5 . 1 

1 1 . 1 

2 1 . 9 

r-) 
00 

45 i7 

1 0 7 . 1 

6 5 . 9 

78 .5 

113 .6 

121 .8 

7 9 . 3 

9 . 8 

-

163.4 

1. All readings macJe, using an electric well sounder 
2. B S D = Block and Dry 

<•} fiJ 
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Table C-4 
Results of Topographic Survey 

Performed by City of Seattle Engineering Department 

Location 
BH-1 

BH-IB 

BH-2A 

BH-3 

BH-4 

BH-5 

BH-6 

BH-7 

BH-8 

Piez-A 

Piez-B 

Pond along north side of 
landfill 
Pond near storage hut-west 
side 
Pond in SW corner of 
landfill 
Linda Heights Well 

Catch Basin east of 1-5 

Coord 
North 

11,551.24 

11,545.03 

10,548.86 

11,268.72 

11,227.58 

10,735.93 

10,041.56 

10,736.54 

11,001.55 

11,585.05 

11,488.02 
— 

-

-

11,517.82 

11,470.55 

inates 
East 
9,147.62 

9,154.61 

9,083.60 

10,212.33 

10,206.00 

10,118.39 

9,599.81 

10,099.50 

9,180.17 

9,454.53 

9,867.96 
-

-

-

11,028.33 

10.918.59 

Ground Surface 
Elevation 
ft. (MSL) 
333.5 

333.1 

374.0 

377.8 

378.6 

395.3 

384.5 

394.9 

361.8 

344.8 

358.6 

340.0 

327.8 

336.2 

354.8 

328.8 

Golder Associates 



Table C-5 
Results of Field Water Quality Analyses - Kent Highlands Site 

Location 
Depth 
(ft) 

Temp(1) 
"C 

Salinity 
PPT 

(1) Measured with a YSI Model 33 meter 
(2) Note: Measurements taken after period of heavy rains. 

Green River near flood stage. 

Golder Associates 

Conductivity 
umhos 

MW 1 Upper 
Middle 
Lower 

MW 2 Upper 
Middle 
Lower 

MW 3 Upper 
Middle 
Lower 

MW 4 Upper 
Middle 
Lower 

MW 5 Upper 
Middle 
Lower 

TW2 
Surface Pond at South End 
of Toe Drain (2) 
Settlement Pond East of 
Landfill Toe: 

South End (2) 
North End 

Small iSurface Water Pond 
between MWl and MW2 (2) 
Treatment Pond 
Inlets to Treatment Pond: 
Spring Drains 
Old Leachate Collector 
Toe Drains 

Small Surface Water Pond 
between MWl and MW5 (2) 
Settlement Pond at NW Corner 
of Site Along Entrance 
Road (2) 
Upper Settlement Pond: 

Inlet (2) 
Outlet (2) 

Inlet of Suface Water into 
Unnamed Creek (2) 
Northside of Bridge -
Unnamed Creek (2) 
150 ft Upstream of Unnamed 
Creek in Green River (2) 
150 ft Downstream of 
Unnamed Creek in Green 
River (2) 

'18.0 
/28.5 
39.3 
12.7 
26.5 
41.8 
17.0 
27.5 
42.0 
15.3 
24.5 
41.5 
18.0 
26.5 
40.0 
160.0 
Surface 

Surface 
Surface 
Surface 

Surface 

Surface 
Surface 
Surface 
Surface 

Surface 

Surface 
Surface 
Surface 

Surface 

Surface 

Surface 

11.0 
9.5 
11.0 
8.0 
8.5 
8.5 
8.0 
8.0 
8.0 
5.0 
5.0 
8.0 
9.7 
10.0 
10.0 
12.0 
12.0 

5.0 
4.0 
5.0 

11.5 

11.0 
19.0 
15.0 • 
6.0 

6.5 

5.0 
5.0 
6.5 

4.0 

4.0 

4.0 

0.2 
0.2 
0.1 
1.0 
0.2 
0.2 
0.9 
0.3 
0.1 
0.25 
0.25 
0.1 
• 1.0 
0.5 
0.1 
0.0 
3.0 

0.5 
0.35 
0.4 

1.5 

0.4 
1.25 
2.0 
0.4 

0.75 

1.5 
0.8 
0.75 

0 

0 

0.3 

240 
142 
130 
900 
240 
155 
700 
290 
130 
610 
370 
110 
920 
600 
170 
110 
3300 

390 
370 
285 

1850 

600-700 
2200 
4000 

250-300 

625 

1200-1400 
600-700 

600 

60 

60 

50 

.m 



Table C-6 
Methane Gas Readings - Kent Highlands Landfill 

Location 

PZ-2 Deep 
Shallow 

PZ-3 Deep 
Shallow 

PZ-5 

PZ-4 Deep 

TW 2 
TH 4 
TH 1 

MW 1 
MW 2 
MW 3 
MW 4 
MW 5 

Date 

1/28/82 
1/28/82 

1/28/82 
1/28/82 

1/28/82 

1/28/82 

1/28/82 
1/28/82 
1/28/82 

1/28/82 
1/28/82 
1/28/82 
1/28/82 
1/28/82 

Reading 
% Natural Gas (1), 

0.5 
50 

0.8 
0.0 

0.0 

0.0 

0.0 
0.0 
0.0 

O
O

O
O

O
 

o
o

o
o

o
 

(1) Measured with a Bacharach Model H gas 
tester without a downhole probe by 
Golder Associates. 
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Table C-7 
Water Level Measurements - Kent Highlands Landfill 

Ground Depth to Readings (1) 
Well Surface Open (Depth Below Ground Surface -ft) 
Number Elevation Interval 1/27/82 3/5/82 3/8/82 4/8/82 

(ft) (ft) -

MW-la 43.6 18.0 
b 28.5 
c 39.3 

MW-2a 41.3 12.7 
b 26.5 
c 41.8 

MW-3a 40.5 17.0 
b 27.5 
c 42.0 

MW-4a 36.1 15.3 
b 24.5 
c 41.5 

MW-5a 36.6 18.0 
b 26.5 
c 40.0 

TW 2 274.0 210 142.0 142.0 
TW 3 305.0 261 

PZ-2a 305.3 285 152.0 
b 305.3 123 108.0 

PZ-3a 299.3 239 103.3 
b 287.5 177 105.3 

PZ-4a 274.7 195 36.5 
PZ-5 270.6 196 46.0 
PZ-6 268.7 226 

TH-1 282.6 224.5 155.0 
TH-4 259.8 220.5 154.0 153.9 

PT-3 278.0 288.0 B&D@ 136(2) 

(1) All readings made using an electric well sounder. 
(2) B&D = Blocked and Dry 

2\^ 
2 .8 
1.6 

2 .0 
1.8 
3.1 

6 .4 
2 .2 
2r5 

4 . 5 
4 .75 
4 .7 

6 .4 
6 .4 
6 .15 

2 .9 
2 .2 
1.9 

1.6 
2 .0 
4 .7 

4 . 3 
2 .9 
6 .5 

5 .6 
9 .1 
9 .6 

10.9 
12 .3 
12.4 

Golder Associates DRAFT 



Table c-8 
Results of Topographic Survey 

Performed by City of Seattle Engineering Department 

Location 

MW-1 
MW-2 
MW-3 
MW-4 
MW-5 
TW-2 
TW-3 
PZ-2 a & 
PZ-3 a & 
PZ-4 
PZ-5 
PZ-6 
TH-1 
TH-4 
PT-3 

Settlement Pond 
Tow Buttress 
Treatment Pond 
Unnamed Creek -
Side of Bridge 
Green River at : 
Unnamed Creek 

b 
b 

Below 

South 

[niet of 

Coordinates 
North 

145,840 
145,690 
145,540 
145,615 
145,750 
146,912 
147,046 
147,037 
146,767 
146,112 
146,388 
146,879 
147,010 
147,018 
147,005 

East 

1,643,110 
1,643.120 
1,643,100 
1,643,260 
1,643,480 
1,642,022 
1,640,386 
1,640,378 
1,640,395 
1,640,458 
1,640,633 
1,641,012 
1,641,498 
1,641,889 
1,641,403 

Ground Surface 
Elevation (ft) 

43.6 
41.3 
40.5 
36.1 
36.6 
259.8 
305.0 
305.3 
287.5 
274.7 
275.5 
268.7 
282.9 
274.0 
278.0 

30.4 

33.1 
19.2 

18.3 
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An investigative program was undertaken to determine potential 

sources of fine-grained material which could be used separately 

or combined with other near-site materials to form a suitable 

final cover. The following is a list of city, county, and state 

offices that were contacted concerning possible public or private 

sources of cover material. 

City 

o City Building Department - Permits 

o City Building Department - Environmental 

o City Building Department - Construction and Land Use 

Mr. Bernell 

o Metro - Metro Tunnel Project 

Dick Sandis 

County 

o King County - Permits for Filling and Grading 

- Mark Mitchell 

State 

o Department of Natural Resources 

Joe Henry, District Conservationist 

Don Theo, Surface Mining 

o Department of Transportation - District Office 

George Leary 

Golder Associates 



Mr. Bernell from the City Building Department - Construct ion and 
land use was contacted concerning sources of f inal cover material 
w i th in the Ci ty l i m i t s . His o f f i c e reviews a l l g r a d i n g and 
excavation permi t s before they are i s sued . These permi ts are 
l i s t e d in the S e a t t l e Daily Business J o u r n a l . Review of these 
permits on a regular basis could i n d i c a t e p o t e n t i a l sources of 
f i n e gra ined m a t e r i a l t h a t could be used for a f i n a l c o v e r . 
Material tha t i s excavated wi th in the c i t y must be disposed of 
immediately and thus if m a t e r i a l was found i t would have to be 
stockpiled or placed d i r ec t l y on the l a n d f i l l . 

Dick Sandis from METRO was contacted concerning the m a t e r i a l to 
be excavated for the metro tunnel . I t i s expected t h a t m a t e r i a l 
from t h e e x c a v a t i o n w i l l be a v a i l a b l e in e a r l y 1984. We 
requested copies of the boring logs for e x p l o r a t o r y holes being 
made for the tunnel . Lynn Wilcox, project manager for the METRO 
tunnel , wi l l c o n t a c t Golder A s s o c i a t e when the boring r e s u l t s 
become ava i l ab le . At that time we wi l l review them to determine 
the s u i t a b i l i t y of the mater ial for a f inal so i l cover. 

Mark Mitchell from King County - Permits for F i l l ing and Grading 
was contacted concerning sources of f ina l cover m a t e r i a l wi th in 
King County. His office issues permits for f i l l i n g and grading 
within the county. Again material i s occassionally avai lable but 
only on short not ice and for short periods of time. He suggested 
tha t he could be of he lp in l o c a t i n g m a t e r i a l if the c i t y was 
prepared to obtain i t . 

Joe Henry and Don Theo from the Department of Natura l Resources 
were c o n t a c t e d . Their o f f i c e sen t a l i s t of a l l the sur face 
mining a c t i v i t i e s in south King County. These a r e l i c e n s e d 
mining opert ions (predominantly sand and gravel p i t s ) . Mr. Theo 
mentioned a few opera t ions , in p a r t i c u l a r t h a t might have some 

Golder Associates M f \ , 



fine-grained material but upon contacting it was learned that 

they contained predominantly sand and gravel also. 

George Leary from the Washington State Department of Transporta­

tion District office was contacted concerning the Mt. Baker 

tunnel excavation. He will contact Golder Associates or the City 

of Seattle if material is available from this project. 

Golder Associates UltM 
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HYDROLOGIC ANALYSIS 

Water B a l a n c e f o r Cover M a t e r i a l 

A w a t e r b a l a n c e t o e s t i m a t e p o t e n t i a l i n f i l t r a t i o n t h r o u g h t h e 

c o v e r was c a l c u l a t e d u s i n g t h e T h o r n t h w a i t e method a s recommended 

by t h e EPA ( L u t t o n , e t a l . , 1 9 7 9 ) . C l i m a t i c d a t a f o r t h e 

S e a t t l e - T a c o m a a i r p o r t , t a k e n f rom S n y d e r , e t a l . , ( 1 9 7 3 ) was 

used i n t h e w a t e r b a l a n c e . The S e a t t l e - T a c o m a a i r p o r t i s t h e 

c l o s e s t c l i m a t o l o g i c a l s t a t i o n f o r w h i c h a p p r o p r i a t e 

p r e c i p i t a t i o n and e v a p o t r a n s p i r a t i o n d a t a a r e a v a i l a b l e and i s 

c o n s i d e r e d r e p r e s e n t a t i v e of t h e Midway s i t e . 

The w a t e r b a l a n c e m e t h o d o l o g y i s i l l u s t r a t e d i n T a b l e E - 1 . 

Monthly v a l u e s of p r e c i p i t a t i o n , e v a p o t r a n s p i r a t i o n and s u r f a c e 

r u n o f f a r e l i s t e d . P r e c i p i t a t i o n and e v a p o t r a n s p i r a t i o n a r e from 

t h e S e a t t l e - T a c o m a a i r p o r t s t a t i o n and s u r f a c e r u n o f f i s b a s e d 

upon r u n o f f f a c t o r s f b r King C o u n t y , g i v e n i n S t o r m D r a i n a g e 

C o n t r o l - R e q u i r e m e n t s and G u i d e l i n e s fo r King County ( 1 9 7 9 ) . S o i l 

m o i s t u r e s t o r a g e , e q u i v a l e n t t o 6 .0 i n c h e s of w a t e r , was d e r i v e d 

from d a t a i n L u t t o n , e t a l . (1979) b a s e d upon a n t i c i p a t e d c o v e r 

c h a r a c t e r i s t i c s . 

The w a t e r b a l a n c e i n d i c a t e s t h a t o f t h e a n n u a l 3 3 . 8 i n c h e s of 

p r e c i p i t a t i o n , 8 .4 i n c h e s i s l o s t as s u r f a c e r u n o f f , 1 8 . 5 i n c h e s 

i s l o s t a s e v a p o t r a n s p i r a t i o n , a n d 6 . 9 i s a v a i l a b l e f o r 

i n f i l t r a t i o n t h r o u g h t h e c o v e r . A v a i l a b l e i n f i l t r a t i o n o c c u r s 

o n l y d u r i n g t h e t h r e e - m o n t h p e r i o d of J a n u a r y t h r o u g h March. 

The a c t u a l i n f i l t r a t i o n t h r o u g h t h e c o v e r w i l l p r o b a b l y be 

l i m i t e d by t h e p e r m e a b i l i t y o f t h e c o v e r r a t h e r t h a n t h e t o t a l 

w a t e r a v a i l a b l e . Using D a r c y ' s e q u a t i o n , 

q = Ki 

Golder Associates | I p A ^ f 



Table E-1 
Monthly Water Balance Analysis in Inches 

Using the Thornthwaite Method 

Precipation (P) 

Surface Runoff (R.O.) 

Available Moisture (I) 

Potential EvaqpotranspiraticMi 
(PET) 
I-PET 

Soil Moisture Storage (ST) 

Change in ST 

Actual EvapotranspiraticMi 

Available Infiltration 

Actual Infiltration 
(Assume K of cover = 10"^ cnv̂ sec) 

Actual InfiltraticMi 

Jan. 

4.7 

1.2 

3.5 

0.3 

3.2 

6.0 

0 

0.3 

3.2 

1.0 

0.1 

Feb. 

4.0 

1.0 

3.0 

0.6 

2.4 

6.0 

0 

0.6 

2.4 

1.0 

0.1 

Mar. 

3.4 

0.9 

2.5 

1.2 

1.3 

6.0 

0 

1.2 

1.3 

1.0 

0.1 

Apr. 

2.1 

0.5 

1.6 

1.8 

-0.2 

5.8 

-0.2 

1.8 

-

-

.» 

May 

1.6 

0.4 

1.2 

3.1 

-1.9 

3.9 

-1.9 

3.1 

-

-

.. 

Jun. 

1.3 

0.3 

1.0 

3.8 

-2.8 

1.1 

-2.8 

3.8 

-

-

_ 

Jul. 

0.6 

0.2 

0.4 

4.5 

-4.1 

0 

-1.1 

1.5 

-

-

_ 

Aug. 

0.9 

0.2 

0.7 

4.1 

-3.4 

0 

0 

0.7 

' -

-

_ 

Sept. 

1.7 

0.4 

1.3 

2.8 

-1.5 

0 

0 

1.3 

-

-

«. 

Oct. 

3.3 

0.8 

2.5 

1.8 

+0.7 

0.7 

+0.7 

1.8 

-

-

.. 

Nov. 

4.5 

1.1 

3.4 

0.8 

+2.6 

3.3 

+2.6 

0.8 

-

-

_ -

Dec. 

5.7 

1.4 

4.3 

0.5 

+3.8 

6.0 

+2.7 

1.6 

-

-

_ 

Annual 
Total 

33.8 

8.4 

25.4 

25.3 

18.5 

6.9 

3.0 

0.3 
(Assuming K of cover = 10"^ cnv^sec) 



where q = flow rate per unit cover area 

K = permeability of cover 

i = gradient through cover (assumed equal to 1.0) 

the actual infiltration through the cover as a function of cover 

permeability was calculated. The resulting flows are: 

Cover Permeability (cm/sec) Infiltration Through Cover (in/yr) 

3 X 10-6 6.9 

1 X 10-6 3.0 

1 X 10-7 0.3 

As shown above, for cover permeabilities less than 3 x 10-6 

cm/sec, the infiltration through the cover will be less than the 

6.9 inches of water available. Water not infiltrating will 

probably appear as seeps on the cover and flow off the site as 

surface water. 

DRÂ  
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Our Ref: E/82/623 

TO: R. BELUCHE 

FROM: P. CORSER / J. ROWE 

RE: GAS COLLECTION TRENCH 

DATE: MARCH 3, 1982 

On December 1981 we received a copy of a letter from John P. 
Nordin, Department of Public Heal-th to Eugene Avery, Seattle 
Engineering Department dated December 1, 1981, discussing 
the problem of gas migration at the Midway landfill. The results 
of gas monitoring in a system of shallow well points placed by 
the Health Department, along the west side of the fill were pre­
sented in the letter. Additional readings of all gas monitoring 
wells were taken on January 12, 1982 and February 22, 1982 by 
Golder Associates using a Bacharach Model H Gas Detector. 

Upon reviewing the results of monitoring by the Health Deparinnent 
and Golder Associates it appears that there are two localized 
areas, A and B (see Figure 1), in which high (greater than 0̂ .4%) 
readings of methane are found. The methane is believed to be 
migrating to the west from the landfill through pervious pockets 
and/or lenses within the glacial outwash material surrounding 
the landfill. In the vicinity of the scale house, to the west , 
of the landfill, a large portion of the area is covered with an 
impermeable cap of concrete or asphalt which will not allow gas 
to vent at the surface. Instead we believe it likely tJiat gas 
migrates to the west underneath the concrete and asphalt. Once 
reaching Highway 99 it probably travels north through pervious 
backfill material in utility trenches, thus accounting for the 
area of high readings found nortli of th.i .?.cale house and west of 
Highway 99 (Area B). 

Data indicate that gas is migrating to t h e west directly under­
neath the concrete and asphalt coveriiig the area where high con­
centrations were measured. To date we have no evidence of any 
deep gas migration but we a.re currently investi.gii-.ing this possi­
bility by monitoring »ieep gas vvells. Based upon observed condi­
tions we recommend that the gas be intercepted by a gas collection 
trench. This trench would be located along the west side of the 
fill as shown in Figure 1. Datails of the trench design are shown 
in Figure 2 and listed belows 

o The exact location of the trench should be determined 
in the field, adhering to tJie requireiaent that no fill 
should be west of tJie ct̂ iterline of the trench. 

o The trench should extend as far south as necessary so 
that the excavation does not encounter any fill. 

DRA 



Mr. R. Beluche 
March 3, 1982 
Page -2-

The trench should be approximately 15 deep throughout 
it's entire length and a minimum of 2 feet wide at the 
base. Excavation requirements will dictate the width 
of the opening at the top. The base of the trench 
should be sloped a minimum of '5% towards "the water 
collection wells. 

The trench should be backfilled with washed river 
gravels (1/4 - 3 inch) to within approximately 2 feet 
of the ground surface. In areas where the trench inter­
sects haul roads the gravel should be.compacted before 
placement of the gas collection pipe or cover materials. 
A typical cross-section -through the trench is shown 
in Figure 2. 

An 8-inch diameter ADS currugated, perforated, flexible 
polyethylene drain tubing should be placed on top the 
gravel backfill. This will serve as a gas collection 
pipe. In areas where the trench intersects haul roads 
the polyethylene pipe should be placed inside of a 
perforated corrugated metal pipe. 

Pea gravel should be compacted around the entire height 
of the pipe. 

A cover of low permeability material, such as asphalt 
or low permeability soil should be placed and compacted 
over the pipe. 

Gas burners should be connected to the gas collection 
pipe at the two high points along the center-line on 
the trench. For approximate locations see Figure 1. 

A 4-inch diameter plastic well screen should be placed 
at the bottom of the gas collection trench at two loca­
tions as shown on Figure 1. These will be used to 
collect water that may accumulate at -the base of the 
trench. Details of these sump wells are shown in Figure 
2. ' ' 

Sump wells should be pumped if static water levels fill 
more than 10 feet of -the well. If leachate is detected 
within -the wells they should be kept dry to prevent 
leachate migration to the west. 



Mr. R. Beluche 
March 3, 1982 
Page -3-

It is important to understand that the proposed gas collection 
trench is a interim solution designed to reduce gas migration 
into populated areas west of the landfill, as fast and as econom­
ical as possible. Although itmrnay be possible to include this 
interim system as part of -the final gas collection system, sub­
stantial changes or improvements may be required. 

We would be interested in discussing these recoramendations with 
you during our scheduled meeting on March 3, 1982. 

Very truly yours, 

GOLDER ASSOCIATES 

Patrick G. Corser 

Jerry Rowe 

PGC:JR/bsb 
813-1276 
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RECORD OF BOREHOLE BH-1 A 
1 COORDINATES: N \ \S ' ^ -& t «^,r5^6 f a p p r o > 0 

L O C A T I O N : M i d w a y L a n d f i l l D A T U M : M S L D A T E : 15 L ianuan / \< )&2-
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RECORD OF BOREHOLE BH-1 

LOCATION: Midway Landf l l l DATUM: MSL 

SAMPLER HAMMER WEIGHT 140 LBS. . DROP 30 IN. 

COORDINATES: N i l , 5£>I.Z.f El <^,lM-7.62_ 

DATE: /SJanuary 1982 

BORING METHOD: 3 % (n. Kol lows- fen i ^augt 
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